MECHANICAL  DRAWING 


JOHN  E.  JAGGER,  M.Sc. 


LIBRARY 

OF  THE 


UNIVERSITY  OF  CALIFORNIA, 


Class 


- 


.••    •-,-•- 
i ..  •.  -,' •:-:  -  :-.-.":-;- 


AN  ELEMENTARY  TEXT-BOOK 


ON 


MECHANICAL    DKAWING. 


CHARLES  GRIFFIN  &  CO.,  LTD.,  PUBLISHERS. 


SECOND  EDITION,  Enlarged. 

PRACTICAL 


In  Crown  8vo.    Cloth.    Pp.  i-xiii+463.    With  212  Illustrations.    82.00  net. 

CALCULATIONS  FOR  ENGINEERS. 


By  C.  E.  LARARD,  A.M.Inst.C.E.,  M.I.Mech.E.,  etc.,  and  H.  A.  GOLDING,  A.M.I.Mech.E. 
"  It  is  well  done,  and  we  have  every  pleasure  In  recommending  the  book." -Mechanical  Engineer. 


DESIGN   OF    STRUCTURES   (Bridges,    Roofs, 

etc").    By  «•  ANOLIN,  O.K.    FIFTH  EDITION, 

Revised.    $4.00. 
THE    DESIGN    OF    BEAMS,    GIRDERS,    AND 

COLUMNS   in    Machines  and   Structures. 

By  W.  H.  ATHERTON.    $2.00  net. 
BRIDGE  CONSTRUCTION.    By  Prof.  C.  FIDLER, 

M.Iust.C.E.    FOURTH  EDITION.    87.00. 
CONSTRUCTIONAL   STEELWORK.     By   A.   W. 

FARNSWORTH,  A.M.I. C.E.    Cloth.    $3.60  net. 
THE  THEORY  OF  THE  STEAM  TURBINE.    By 

ALEX.  JODE.    SECOND  EDITION. 
GAS,    OIL,    AND   AIR    ENGINES.     By  BRYAN 

DONKIN,  M.Inst.C.E.    FOURTH  EDITION. 

VALVES  AND  VALVE  GEARING.  By  CHARLES 
HURST.  KIFTH  EDITION,  Revised  and  Enlarged. 
$3.75. 

THE  THERMO-DYNAMIC  PRINCIPLES  OF  EN- 
GINE DESIGN.  By  LIONEL  M.  HOBBS,  Eng.- 
Lieut.,  R.N. 


THE  CALCULUS  FOR  ENGINEERS  AND  PHY- 
SICISTS. By  Prof.  R.  H.  SMITH,  A.M.Inst.C.E. 
SKOOND  EDITION.  82.75  net. 

MEASUREMENT  CONVERSIONS  (English  and 
French).  By  Prof.  R.  H.  SMITH,  A.M.Inst.C.E. 

OIL  MOTORS  (Development,  Construction, 
and  Management).  By  G.  LIECKFELD.  $4.50 

BOILERS,    LAND    AND    MARINE.      By   T.    W. 

TRAILL,  M.Inst.C.E.   FOURTH  EDITION. 

LOCOMOTIVE  ENGINEERING.  By  W.  F.  PETTI- 
GREW,  M.Inst.C.E.  THIRD  EDITION.  86.00. 

MECHANICAL  ENGINEER'S  REFERENCE 
BOOK.  By  H.  H.  SUPLEE,  B.Sc.  THIRD  EDITION. 
85.00. 

MANUAL  OF  MARINE  ENGINEERING.  By  A.  E. 
SBATON,  M.Inst.C.E.  SIXTEENTH  EDITION.  $6.00 
net. 

STEEL  SHIPS.  Their  Construction  and  Strength. 
By  THOMAS  WALTON.  FOURTH  EDITION.  $5.50 
net. 


FIFTH  EDITION.    In  Handsome  Cloth.    In  Two  Parts.    Sold  Separately. 
A    TEXT-BOOK    OF 

ENGINEERING    DRAWING    AND    DESIGN. 

By  SIDNEY  H.  WELLS,  M.Sc.,  A. M.Inst.C.E.,  A.M.I.Mech.E. 

VOL.  I.-PRACTICAL  GEOMETRY,  PLANE  AND  SOLID. 

Pp  i-xi+149     With  101  Illustrations,  and  an  Appendix  of  43  pages,  with  70  Illustrations.    $2.00. 

VOL.  II.-MACHINE  AND  ENGINE  DRAWING  AND  DESIGN. 

Pp.  i-xi+321.    With  over  200  Illustrations.    $2.00. 


subje 


"A  capital  text-book,  arranged  on  an  excellent  system,  calculated  to  give  an  intelligent  grasp  of  the 
ect,  and  not  the  mere  faculty  of  mechanical  copying."— Electrical  Review.  


Works    by  Professor   A.  JAMIESON, 
M.Inst.C.E. 

STEAM  AND  STEAM  ENGINES  (Advanced). 
SIXTEENTH  EDITION. 

APPLIED  MECHANICS  AND  MECHANICAL 
ENGINEERING. 

Vol.  I.— Applied  Mechanics.    §2.00  net. 
II.— Strength  of  Materials.    81.75  net. 
III.— Theory  of  Structures.    81.75  net. 
IV.— Hydraulics.    $1.75  net. 
V.— Theory  of  Machines.    Shortly. 

STEAM  AND  THE  STEAM  ENGINE  (Elementary 
Manual  of).  TWELFTH  EDITION,  Revised  and 
Enlarged. 

MAGNETISM  AND  ELECTRICITY  (Practical 
Elementary  Manual  of).  EIGHTH  EDITION, 
Revised  and  Enlarged.  81.25. 

APPLIED  MECHANICS  (Elementary  Manual 
of).  EIGHTH  EDITION ,  Revised  and  Greatly 
Enlarged.  81.25. 


Works  by  W.  J.  MACQUORN  RANKINE,  LL.D. 
etc. 

CIVIL  ENGINEERING  (A  Manual  of).  TWENTY- 
THIRD  EDITION. 

A  MANUAL  OF  APPLIED  MECHANICS.  With 
numerous  Illustrations.  EIGHTEENTH  EDITION. 

A  MANUAL  OF  MACHINERY  AND  MILLWORK. 
With  nearly  300  Illustrations.  SEVENTH  EDI- 
TION. 

A  MANUAL  OF  THE  STEAM  ENGINE  AND 
OTHER  PRIME  MOVERS.  SEVENTEENTH 
EDITION. 

A  MECHANICAL  TEXT-BOOK.  A  Simple  In- 
troduction to  the  Study  of  Mechanics.  By 
Prof.  RANKINE  ami  C.  E.  BAMBER.  FIFTH  EDI- 
TION. 

USEFUL  RULES  AND  TABLES :  For  Architects, 
Builders,  Engineers,  Founders,  Mechanics, 
Shipbuilders,  Surveyors,  etc.  EIGHTH  EDI- 

TION. 


SECOND  EDITION,  Revised.    In  Crown  8vo.    Cloth.    Pp.  i-xii+282.    With  107  Illustrations.    81.75. 

MECHANICAL    ENGINEERING    FOR    BEGINNERS. 

By  R.  S.  M 'LA  REN. 

"The  best  of  its  kind  we  have  seen,  and  should  be  in  the  hands  of  every  apprentice."— Steamship. 


LONDON :   CHARLES  GRIFFIN  &  CO.,  LTD.,  EXETER  ST.,  STRAND. 
PHILADELPHIA:    J.   B.   LIPPINCOTT   COMPANY. 


AN  ELEMENTARY  TEXT-BOOK 


ON 


MECHANICAL  DRAWING. 


BY 


JOHN    E.   JAGGER, 

M.Sc.  (Vic.),  WHIT.  Sen. 


Of   THE 

UNIVERSITY 

Of 


LONDON: 
CHARLES    GRIFFIN    &    COMPANY,   LIMITED 

PHILADELPHIA  :    J.  B.  LIPPINCOTT  COMPANY. 
1910. 


8EIOAI- 


PREFACE. 

THE  object  of  this  book  is  to  provide  notes,  observations,  and  examples,  by  the 
careful  perusal  of  which  it  is  hoped  that  a  student  may  be  able  to  acquire 
the  ability — 

1.  To  read  a  drawing  with  rapidity  and  accuracy. 

2.  To  make  a  simple  drawing  so   that   any   ordinary   workman   can 

understand  what  is  required  without  difficulty,  loss   of   time,  or 
tendency  to  make  a  mistake. 

3.  To  make  use  of  the  experience  obtained  by  studying  the  examples 

in  any  future  mechanical  construction  he  may  undertake. 

Believing  that  a  youth  cannot  understand  the  use  of  a  mechanical  drawing 
unless  he  has  some 'idea  of  the  object  and  use  of  the  detail,  together  with  the 
methods  of  manufacture,  examples  are  incorporated  to  bring  out  these  points. 

The  book  is  primarily  intended  for  those  students  engaged  in  engineering 
work  who  do  not  have  the  opportunity  to  pass  through  the  drawing  office, 
to  enable  them  to  take  greater  interest  in  the  work  passing  through  their 
hands,  by  making  them  familiar  with  drawing  office  processes  and  methods. 

When  used  as  a  text-book,  and  supplemented  by  the  experience  of  the 
teacher  in  the  ordinary  way,  it  will  most  likely  be  useful  to  those  students 
who  have  not  yet  commenced  their  practical  career,  but  who  'wish  to  obtain 
some  knowledge  of  mechanical  drawing.  For  those  students  actually  engaged 
in  drawing  office  work,  many  points  worthy  of  attention  are  incorporated. 

The  student  in  engineering  must  remember  that  it  is  as  important  for  him 
to  be  able  to  read  a  simple  drawing  at  sight  as  it  is  for  every  man  to  possess 
the  ability  to  read  his  newspaper  at  sight,  and  that  the  ability  to  do  this  can 
only  be  obtained  as  the  result  of  his  own  industrious  labour.  The  young 
draughtsman  is  advised  to  become  proficient  in  his  profession  by  giving 
careful  attention  to  technical  work  in  his  early  years. 

An  attempt  has  been  made  to  so  grade  the  book  that  a  student  commencing 
at  the  beginning  will  finally  finish  up  with  interest  in  the  subject  and  its 
allied  sciences,  and  will  also  have  obtained  a  good  foundation  on  which  he 
can  build  up  further  ability. 

Many  valuable  hints  may  be  given,  and  attention  called  to  points  worthy 
of  improvement,  by  fellow-teachers  actually  engaged  in  using  such  a  text- 
book as  this;  and  all  such  suggestions  will  be  gratefully  received  and 
acknowledged. 

Finally,  this  work  is  produced  from  notes  and  observations  made  during 
many  years  of  practice  and  teaching,  and  is  an  attempt  to  present  the  subject 
of  Machine  Construction  and  Drawing  to  the  student  in  a  rational  manner. 

JOHN  E.  JAGGER. 

MANCHESTER,  1909. 


CONTENTS. 


General  Ideas 1 

Useful  Data  and  Tables          ...  7 

Examples  for  Tracing     ....  9 

Tracing 23 

Photo  Copies  of  Tracings        ...  26 

Principles  of  Projection  ....  30 

Examples  on  Rectangular  Projection      .  36 

„            Isometric  Projection          .  38 

Balanced  Ball  Handle    ....  42 

Lathe  Carrier 44 

Taper  and  Split  Pins      .        .        .        .  46 

Use  of  Sections 48 

Vee  Packing  Block         .        .        .        .51 

Hand  Wheel 52 

Flanged  Driving  Pulley          ...  54 

Small  Eccentric 55 

Hand  Wheel  for  Stop  Valve  .        .  '      .  56 

Rivets — Riveted  Joints  ....  58 

Screw  Threads 62 

Examples  on  Screw  Threads  ...  72 

Bolts  and  Nuts 84 

Coupling  for  Line  Shaft         ...  88 

„         „    Machine     ....  91 

„        Split  Muff       ....  92 

Flexible 94 

„        Universal  Joint       ...  96 

„       Claw  or  Clutch        ...  99 

Keys 104 

Belt  Pulley 107 

Split  Belt  Pulley 109 

Single  Rope  Pulley         .        .        .        .113 
Multiple  Rope  Pulley     .         .         .         .115 

Countershaft  for  Drilling  Machine         .  118 

Solid  Bearing 125 

Lubrication 125 

Split  Cast-iron  Bearing .        .        .        .  128 
Pedestal  or  Plummer  Block    .        .        .130 

Motor  End  Bearing        .        .                 .  132 
White  Metal  .        ...        .        .132 

Limit  Gauges 135 

Necking  of  Journals       .        .        .        .135 


Footstep  Bearing    .... 
Ball  Bearing,  Thrust      . 
„  Angular    . 

Lubrication  of  Bearings 
Packing  Block,  Adjustable  Vee 
Adjustable  Screw  Packing 
Machine  Vice          .... 
Expansion  Joint,  Steam-pipe 
Hydraulic  Pipe  Joint     . 

„          Piston    .... 
Twelve-inch  Steam  Piston 
Gas  Engine  Piston 
De  Laval  Turbine  Blades 
Parsons  Turbine  Blades. 
Fly-wheel 

„  for  Punch  Press    . 

,,  „    Gas  Engine     . 

„  „    Steam  Engine 

Alternator  Magnet  Wheel  and  Shaft 
„          Slip  Rings    . 

Commutator 

Connecting-rod  for  Steam  Engine  . 

Crank-shaft 

Piston-rod  and  Crosshead 

Governor        

Stop  Valve  for  Steam     . 

Throttle  Valve  for  Steam 

Cylinder  Relief  Valve    . 

Piston  Slide  Valve 

Oil  Pressure  Regulating  Valve 

Switch  and  Fuse  for  Electric  Circuit 

Wheel  Gear 

Spur  Wheel  and  Pinion 

Involute  Teeth       .... 

Bevel  Gear 

Riveted  Joint  in  Girder  Work 
Steam  Engine  Governor 
Tool-holder  for  Planing  Machine   . 
Materials  used  in  Engineering 
Strength  of  Materials     .        . 


PACK 

136 
138 
140 
142 
144 
146 
149 
152 
157 
160 
162 
166 
169 
171 
174 
176 
180 
184 
187 
193 
197 
199 
202 
204 
206 
208 
210 
212 
214 
217 
219 
222 
223 
224 
226 
228 
230 
232 
234 
239 


LIST  OF  ILLUSTRATIONS. 


via.                                                                  PACK 

FIO. 

1.  Apparatus  required  by  Student 

3 

42. 

2.  Set  Squares  and  Protractor 

5 

43. 

3.  Roll-up  Instrument  Case 

6 

44. 

4.  Drawing  Outfit        .... 

6 

45. 

5.  Hints  on  Tracing     .... 

24 

46. 

6.  Specimen  Cloth  Tracing  .        to  face  p. 

24 

47. 

7.  Photo  Printing  Apparatus 

26 

48. 

8.  Photo  Printing  Frame     . 

27 

49. 

9.            „              „                ... 

27 

50. 

10.  Specimen  Blue  Print        .        to  face  p. 

28 

51. 

11.         „         White  Print     .        to  face  p. 

28 

52. 

12.  Hectographing  Pad  .... 

28 

53. 

13.  Principles  of  Projection  . 

31 

54. 

14.  Orthogonal  Projection 

31 

55. 

15.             „                 „               ... 

32 

56. 

16.             „                 „               ... 

33 

57. 

17.             „                 „              ... 

34 

58. 

18.  Parallel  Packing  Block    . 

36 

59. 

19.  Angle  Bracket          .... 

36 

60. 

20.  Magnet  Pole  Piece   .... 

38 

61. 

21.  Permanent  Magnet  .... 

40 

62. 

22.  Balanced  Ball  Handle      . 

42 

63. 

23.  Lathe  Dog        

44 

64. 

24  Taper  Pin         

46 

65. 

25.  Split  Pin  

46 

66. 

26.  Materials  in  Section 

49 

67. 

27.  Vee  Packing  Block  .... 

51 

68. 

28.  Hand  Wheel    

52 

69. 

29.            „              

56 

70. 

30.  Riveted  Lap  Joint   .... 

58 

71. 

31.        „        Joints          .... 

59 

72. 

32.        „        Girder  Joints 

60 

73. 

33.  Generation  of  Screw  Threads  . 

62 

74. 

34.  Screw  Threads         .... 

63 

75. 

35.  Whitworth  Vee  Thread   . 

63 

76. 

36.  British  Association  Thread 

65 

77. 

37.  Cycle  Threads  

66 

78. 

38.  United  States,  Seller's  Thread 

66 

79. 

39.  International  Standard  Thread 

67 

80. 

40.  Representation  of  Screw  Thread 

68 

81. 

41.  Right  and  Left  Hand  Thread  . 

68 

82. 

Square  Thread 

Modified  Square  Thread  . 

»  »  • 

Multiple  Threads  . 
Hexagon-head  Bolt  . 
Square-head  Bolt  . 
Hexagon  Bolt-head  . 
Method  of  drawing  Bolt-head  . 
Standard  Hexagon  Nut  . 

Studs       

Dimensions  of  Studs 

B.A.  Screw  Heads    . 

Steady  Pin       .... 

Nut  and  Bolt 

Locking  of  Nuts 

Spring  Washer 

Locking  Plate  and  Star  Washer 

Rag  Bolt          .... 

Line  Shaft  Coupling 

Machine  Coupling   . 

Flexible  „ 

Universal  Joint  Coupling 

Claw  Coupling 

Application  of  Claw  Coupling 

Dimensions  of  Keys 

Solid  Cast-iron  Pulley 

Split  Belt  Pulley     . 

Single  Rope  Pulley 

Foot  Countershaft   . 

»  »  ... 

Belt  Drive  for  Sensitive  Drill 
Split  Bearing 
Motor  End  Bearing 
Ball  Journal  Bearing 
Syphon  Lubricator 
Needle  Lubricator   . 
Adjustable  Vee  Block 

„          Screw  Packing 
Machine  Vice  on  Machine  v;    . 
from  Under  Side 


PAGE 

69 

69 

70 

70 

75 

75 

75 

76 

77 

79 

80 

80 

81 

82 

82 

83 

83 

86 

88 

91 

94 

96 

99 

102 

105 

107 

109 

113 

118 

118 

119 

128 

132 

140 

142 

143 

144 

146 

149 

151 

151 


LIST   OF  ILLUSTRATIONS. 


FIG. 

83.  Cast-iron  Expansion  Joint 

84.  Steel  Bends    . 

85.  „  ... 

86.  Hydraulic  Screw  Joint  . 

87.  Piston  Wrench 

88.  Gas  Engine,  Line  Diagram 

89.  Laval  Turbine  Wheel     . 

90.  Parsons  Type  Turbine   . 

91.  Blade  Angles  for  Turbine 

92.  Blades  for  Turbine 

93.  Fly-wheel  Rim 

94.  „          Power  Press  . 

95.  Stamping  from  Power  Press 

96.  Gas  Engine  Fly-wheel    . 

97.  Steam  Engine  Fly-wheel 

98.  Oil-throwers  . 

99.  Magnetic  Pole  Stampings 

100.  Clamps,  for  Stampings  . 

101.  Pole  Winding 

102.  Alternator  Magnet  Wheel 

103.  „          Slip  Rings    . 

104.  Slip  Ring  Details   . 


PAGE 

FIG. 

152 

105. 

154 

106. 

155 

107. 

159 

108. 

164 

109. 

166 

110. 

170 

111. 

169 

112. 

171 

113. 

171 

114. 

175 

115. 

176 

116. 

178 

117. 

180 

118. 

184 

119. 

189 

120. 

189 

121. 

190 

122. 

191 

123. 

191 

124. 

195 

125. 

196 

126. 

PAGE 

Motor  Armatures  .  .  .  .197 
Connecting-rod  .  .  .  .199 
Steam  Engine,  Line  Diagram  .  204 

Governor 206 

Steam  Engine  Slide  Valve  .  .  214 
Details  of  Knife  Switch  .  .  221 

Wheel  Teeth 222 

„  Proportions  of  .         .     222 

Involute  Wheel  Teeth    .         .         .224 

Bevel  Wheel  Gear .        .        .        .226 

Example  for  Tracing      .         .         .     228 

...     230 

Pattern  and  Core  Box  .  .  .  234 
Core  Box  and  Core  Iron  .  .  234 

Mould 235 

Finished  Casting  ....  235 
Tension  Test  Piece  .  .  .  240 
Fracture  of  Test  Bar  .  .  .  240 
Test  on  Mild  Steel  Bar  .  .  .  241 
Tension  Test  on  Mild  Steel  Bar  .  242 

Torsion  Test 243 

Fracture  of  Test  Bar  243 


MECHANICAL    DRAWING. 


§  l.     GENERAL  IDEAS. 

Mechanical  Drawing.  —  Mechanical  drawing  is  the  language  used  in 
engineering  practice  to  convey  ideas  and  instructions  from  the  designer  and 
draughting  room  to  the  several  departments  of  the  workshop  responsible  for  the 
economical  production  of  the  ultimate  product.  It  is  thus  easily  seen  that,  the 
more  systematic  the  drawing  in  arrangement  and  detail,  the  more  readily  will 
it  be  understood  by  the  various  workmen.  For  this  reason  a  new-comer  in  a 
drawing  office  is  usually  supplied  with  a  copy  headed  "  Rules,  Data,  and  Standard 
Information,"  which  embodies  the  standard  style  of  the  shop  or  firm,  and  to 
which,  in  his  future  work,  he  is  expected  to  give  particular  attention. 

Working  Instructions.— To  obtain  uniformity  in  the  type  of  drawing 
produced,  it  must  be  made  on  definite  lines,  for  we  must  remember  that  the 
drawing  office  is  a  part  of  a  concern  which  can  have  great  influence  upon  the 
cost  of  production.  The  drawings  turned  out  should  be  models  of  perfection 
in  the  way  of  systematic  arrangement  of  details,  numbering,  lettering,  accuracy, 
and  completeness,  and  this  should  be  achieved  without  any  unnecessary  expendi- 
ture of  labour.  To  obtain  drawings  containing  satisfactory  information,  orders, 
and  instructions,  before  they  are  distributed  to  the  shops,  requires  the  same  care, 
supervision,  and  inspection  as  does  the  actual  production  of  the  article  itself. 

To  comply  with  the  above  requirements,  a  drawing  when  finished  must 
satisfy  some  such  set  of  conditions  as  the  following : — 

1.  It  must  be  one  of  the  recognised  standard  sizes. 

2.  It  should  contain  in  good  block  letters — 

(1)  In  the  bottom  left-hand  corner,  the   index   number  and   the 

scale  to  which  it  is  drawn ;  and 

(2)  In  the  bottom  right-hand  corner,  the  title,  consisting  of  the 

general  heading  to  which  it  relates,  the  detail  heading,  a 
stamp  giving  surname  of  draughtsman,  tracer,  and  checker, 
and  the  date  of  completion. 

(3)  Commencing  in   the   top   right-hand   corner,   and   forming   a 

margin  down  the  right-hand  side  of  the  drawing,  there 
should  be  noted — 

(d)  The  index  number ; 

( b)  List  of  drawings  to  which  reference  is  required ;  and 

(c)  Index  of  material,  pattern  number,  number  off,  etc.,  for 
detail  shown,  and  space  for  remarks  relating  to  any  altera- 
tions made. 
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MECHANICAL  DRAWING. 

3.  On   the   general   arrangement  each  detail  must  have  a  distinctive 

reference  number,  which  must  be  the  card  number  or  detail 
drawing  number  of  the  detail. 

4.  General  arrangements,  complicated  or  large  details  must  be  on  full- 

or  half  -size  drawings.  Otherwise  details  should  be  on  a  full-  or 
half-size  drawing  divided  up  into  standard  cards. 

5.  Each  card  must  contain  one  detail  only,  and  must  contain  informa- 

tion as  per  section  2,  having,  in  addition,  the  card  number  noted 
immediately  over  the  index  number. 

6.  The  general  lay-out  of  the  drawing  must  follow  the  general  office 

practice  for  similar  classes  of  machinery  and  detail. 

7.  Centre  lines,  dimension  lines,  figures,  and  lettering  must  be  of  the 

standard  type  and  pattern.  The  drawing  must  be  clear  and  neat. 
There  is  no  need  to  waste  time  on  ornamentation. 

In  figuring,  use  inches  up  to  2  feet,  and  feet  and  inches  above. 
Diameters  should  always  be  stated  in  inches. 

Do  not  use  odd  dimensions  unless  absolutely  essential.  Main 
centres  should  always  be  in  even  figures,  i.e.  6  feet  6  inches  in 
preference  to  6  feet  5^f  inches. 

The  drawing  must  contain  all  necessary  dimensions.  It  is  not 
the  work  of  the  shops  to  figure  out  any  measurements  required. 

8.  All  parts  requiring  machining  are  to  be  indicated   on  drawing  by 

covered  over  with  red,  the  method  of  machining,  by 


planing,  grinding,  milling,  profiling,  etc.,  being  left  to  the  shops. 
All  cored  holes  should  be  plainly  marked. 

9.  All  views  must  be  projected  clockwise,  that  is,  from  left  to  right. 
10.  Before  proceeding  to  make  a  drawing,  read  well  the  instructions, 
and  know  what  you  are  going  to  do. 

Size  of  Drawings.  —  The  drawing  (or  its  reproductions)  becomes  a  most 
valuable  asset,  owing  not  only  to  the  cost  of  its  production,  but  to  the  fact 
that  it  gives  all  information  as  to  what  was  supplied  for  a  particular  order,  so 
that  it  is  important  to  keep  a  careful  record  of  it.  For  this  purpose  its  over- 
all size  must  lend  itself  to  some  system  of  filing  or  storing,  and  to  help  in  this 
standard  sizes  are  adopted.  The  actual  dimensions  vary  in  different  works, 
but  the  following  is  a  representative  set  of  standard  sizes  which  have  been 
found  useful  in  actual  practice  :  — 

A  standard  drawing  must  be     .  .4  feet  0  inches  x  2  feet  6  inches  finished. 

A  standard  half  drawing  must  be         .    2    „    0     „      x  2    „    6      „  „ 

A  standard  sketch  must  be  .  8     „      x          10      „  „ 

Whilst  for  manufacturing  on  a  card  system  the  card  must  be  a  subdivision 
of  the  standard  drawing,  such  as  8  inches  by  10  inches  or  8  inches  by  5 
inches.  For  evening-class  work  the  most  convenient  sizes  are  Imperial  (2  feet 
6  inches  x  22  inches)  and  Half  Imperial  (15  inches  x  22  inches). 

Paper.  —  The  class  of  paper  used  in  various  offices  differs  widely,  as  it  is  not 
usual  for  the  actual  drawing  itself  to  be  finished  off  and  kept  as  the  record. 
The  tendency  is  towards  using  paper  of  a  cheap  quality  for  this  purpose. 
Common  practice  is,  however,  for  the  designer  to  scheme  out  his  machine  on 
good  cartridge  paper.  Details  are  then  made,  and  a  final  arrangement  set  out 
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on  "bank-note"  paper,  which  is  cheap,  has  a  good  surface,  resisting  the 
natural  tendency  to  accumulate  dirt,  is  obtained  in  rolls,  cut  off  as  required, 
and  has  the  advantage  that,  for  urgent  jobs,  photo  prints  can  be  taken  from 
the  drawings  direct,  without  waiting  for  them  to  be  traced. 

Draughtsmanship. — To  carry  out  the  work  of  a  draughtsman,  and  produce 
drawings  in  a  commercial  and  manufacturing  manner,  certain  apparatus  is 
necessary.  The  following  list  and  fig.  1  are  given  with  the  idea  of  showing  the 
student  in  a  general  way  what  he  requires  to  start  with.  As  he  proceeds  with 
his  work,  he  will  find  there  are  many  accessories,  such  as  a  protractor,  curves, 


FIG.  1. — Apparatus  required  by  Student. 

more  drawing  instruments,  slide  rule,  callipers,  clinograph,  micrometer,  speed 
counter,  etc.,  which  will  enable  him  to  get  through  his  work  with  greater 
rapidity. 

Drawing  board. 

Tee  square. 

Drawing  paper. 

Large-headed  drawing  pins  for  holding  paper  down  on  the  board. 

Black-lead  pencils  :  H.B.,  H.,  and  H.H.  grades. 

Two  set  squares,  45°  and  60°. 

India-rubber. 

Steel  rule  and  scale  rule. 

Drawing  instruments  and  note-book. 

The  first  three  items  are  usually  supplied  by  the  drawing  office  and  by  the 
evening  school  authorities,  the  remainder  being  supplied  by  the  draughtsman 
or  student  himself. 

It  cannot  be  too  often  impressed  upon  the  student  that  he  must  acquire 
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the  habit  of  neatly  and  carefully  recording  his  experiences,  and  the  proper 
keeping  of  a  class  note-book  is  excellent  practice  in  this.  In  addition  to 
making  notes,  the  engineer  finds  it  necessary  to  make  sketches  of  interesting 
and  useful  pieces  of  machinery,  to  tabulate  data,  and  often  to  plot  a  rough 
curve  to  show  readily  how  one  quantity  varies  with  another.  Hence  a  note- 
book consisting  largely  of  squared  paper  is  most  handy,  lending  itself  extremely 
well  to  each  of  these  requirements. 

The  cost  of  the  above  apparatus  is  altogether  a  question  of  quality,  but 
they  should  be  purchased  from  a  first-class  manufacturer,  and  care  taken  of 
them.  The  student  will  use  his  instruments  in  connection  with  other  technical 
subjects,  and  should  consider,  when  buying,  that  he  is  making  a  purchase  which 
will  be  useful  to  him  for  a  lifetime,  and  consequently  buy  the  best  class  of 
material  and  instruments  that  he  can  afford,  adding  to  them  from  time  to 
time,  and  always  bearing  in  mind  that  the  capabilities  of  any  workman  are 
decidedly  improved  by  the  use  of  good  tools.  The  safest  thing  a  student 
can  do,  before  purchasing,  is  to  seek  the  advice  of  a  competent  draughtsman 
or  teacher. 

Set  Squares. — Set  squares  vary  greatly  both  in  price  and  quality.  Trans- 
parent celluloid  ones  are  most  useful,  as  they  do  not  block  out  of  sight  any  of 
the  work  on  the  paper.  On  the  other  hand,  a  careless  use  of  the  drawing 
pencil  will  lead  to  most  inaccurate  work,  as  in  some  lights  the  edges  of 
the  square  are  not  too  well  defined,  and  the  tendency  is  for  the  line  being 
drawn  to  get  away  from  the  edge  without  being  noticed.  A  pencil  well 
sharpened,  with  a  flat  point,  and  properly  used,  obviates  this  difficulty.  Two 
set  squares  will  be  found  sufficient  for  all  ordinary  work — (1)  a  45°  square, 
and  (2)  a  60°  square,  the  angles  and  proportions  of  which  are  shown 
in  fig.  2. 

Set  squares  are  mainly  used  for  drawing  all  lines  perpendicular  to  the  blade 
of  the  tee  square.  As  either  square  may  be  used  indiscriminately,  and  may 
also  be  used  either  hand,  it  is  necessary  that  the  right  angle  (90°)  be  accurate ; 
otherwise  the  vertical  lines  will  not  all  be  parallel  to  each  other.  An  easy  test 
to  see  if  the  square  is'  correct  is  to  put  it  on  the  blade  of  the  tee  square,  and 
with  a  firm,  hard  pencil  draw  a  vertical  line.  Then  turn  the  square  over  and 
see  if  the  edge  coincides  with  the  line  drawn.  It  should  do  so. 

Set  squares  are  used  also  for  drawing  lines  parallel  to  each  other  and  per- 
pendicular to  each  other  in  any  position  on  the  board. 

Protractor. — Is  used  for  setting  out  angles  from  a  centre.  The  best  form 
for  a  student  is  that  sold  as  a  6-inch  rule  (see  fig.  2).  It  is  a  useful  detail,  but 
not  much  used  in  the  drawing  office,  except  in  certain  specialised  work,  such 
as  the  setting-out  of  valve  motions  and  diagrams  for  steam  engines,  in  which 
case  one  accurately  divided,  in  the  form  of  a  circular  ring,  with  a  cross-bar 
carrying  the  centre,  is  the  best. 

Rule. — A  good  steel  rule,  one  edge  plainly  marked  in  inches,  subdivided  into 
sixteenths,  with  a  short  length  of  3  inches  subdivided  to  thirty-seconds,  and 
the  other  edge  of  the  rule  divided  into  millimetres,  with  main  divisions  every 
centimetre,  is  far  better  than  one  marked  with  a  lot  of  fancy  odd  divisions, 
which  only  causes  endless  trouble  and  a  complete  waste  of  time  to  everybody 
making  use  of  it. 

Scale  Rule. — Since  it  is  obviously  impossible  to  draw  all  objects  full  or 
natural  size,  we  reduce  them  on  drawings  to  some  convenient  size  by  using 
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scales,  such  as  one-eighth,  one-quarter,  or  half  size.  The  definite  scales  to  be 
used  in  any  particular  office  are  noted,  and  odd  scales  must  not  be  used.  A 
scale  of  half  size  is  found  by  many  to  be  misleading,  and  leads  to  mistakes  by 
using  the  ordinary  rule,  and  forgetting  to  multiply  by  2. 

For  general  work,  an  oval  boxwood  scale  12  inches  long,  plainly  marked  on 
the  four  edges  thus : — 

(1)  3  inches  and  1A  inches  to  the  foot. 

(2)  |  inch       „       |  inch  „ 

\"/          11  "2     »  » 

(4)  i     „          „       I     „ 

is  found  most  convenient  and  useful,  and  saves  a  lot  of  time.  For  the  student, 
however,  it  is  a  most  valuable  mental  training  to  acquire  the  habit  of  drawing 
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FIG.  2.—  Set  Squares  and  Protractor. 


to  scale  from  the  edge  of  the  ordinary  steel  rule.  The  scale  to  which  a 
drawing  is  made  must  always  be  noted  on  the  drawing,  usually  in  the  bottom 
left-hand  corner. 

Drawing  Instruments.  —  To  produce  a  drawing  certain  instruments  are 
required,  and  skill  in  their  use  is  necessary.  As  the  quality  of  the  work  pro- 
duced depends  greatly  upon  the  quality  of  the  tools  used,  the  question  of  what 
instruments  to  buy  becomes  most  important.  A  man  of  moderate  means 
should  not  go  in  for  buying  a  highly  finished  box,  packed  with  all  sorts  of 
instruments,  many  of  which  he  will  never  make  use  of,  but  should  confine 
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himself  to  the  purchase  of  a  few  necessary  instruments  of  good  quality,  adding 
to  them  as  he  goes  along  and  becomes  better  acquainted  with  what  he  requires. 
By  reference  to  fig.  1,  a  minimum  set  consists  of : — 

4^-inch  compass  with  loose  pencil  and  pen  points. 
Pencil  spring  bow. 
Drawing  pen. 


FIG.  3.— Roll-up  Instrument  Case. 


To  carry  these  about,  use  a  roll-up  case  (best  made  of  chamois  leather),  as 

shown  in  fig.  3. 

A  useful  draughtsman's  out- 
fit in  the  way  of  tools  and 
accessories  is  illustrated  in  fig.  4, 
and  consists  of : — 

Drawing  board  and  tee  square.  Box 
of  instruments.  Protractor. 
Sandpaper  block.  Pencil  and 
ink  erasers.  Pen  and  pencils. 
Tin  with  slot-holes  for  erasures 
on  tracing  cloth.  Rim  speed 
counter.  Spindle  speed  counter. 
Stop-watch.  Two  set  squares. 
Inside  and  outside  callipers. 
Steel  square.  Steel  rule.  Slide 
rule.  Scale  rule.  Two-foot 
trammel  or  beam  compasses,  and 
note-book. 
FIG.  4. —Drawing  Outfit. 
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IMPERIAL  STANDARD  WIRE  GAUGE. 
Table  of  Equivalent  Diameters  in  Decimals  of  an  Inch  and  Millimetres. 


No. 

Decimals 
of  an 
Inch. 

M/m. 

No. 

Decimals 
of  an 
Inch. 

M/m. 

No. 

Decimals 
of  an 
Inch. 

M/m. 

7/0 

•500 

12700 

13 

•092 

2'337 

32 

•0108 

•274 

"  1 

6/0 

•464 

11785 

14 

•080 

2-032 

33 

•0100 

•254 

5/0 

•432 

10-973 

15 

•072 

1-829 

34 

•0092 

•233 

4/0 

•400 

10-160 

16 

•064 

T626 

35 

•0084 

•213 

3/0 

•372 

9-449 

17 

•056 

1-422 

36 

•0076 

•193 

2/0 

•348 
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18 
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37 
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19 
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38 
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•152 

1 

•300 
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20 
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•914 

39 
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•132 

2 
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40 
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•122 

3 

•252 
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22 
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41 
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•111 

4 

•232 
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23 

•024 

•610 

42 
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•101 

5 

•212 

5-386 

24 

•022 

•559 

43 

•0036 

•091 

6 

•192 
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25 

•020 

•508 

44 
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•031 

7 

•176 

4-470 

26 

•018 

•457 

45 

•0028 

•071 

8 

•160 
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27 

•0164 

•416 

46 

•0024 

•061 

9 

•144 
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28 

•0148 

•376 

47 
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10 

•128 
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29 
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•345 

48 

•0016 

•0406 

11 

•116 

2-946 

30 
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•315 

49 
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12 

•104 
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•0116 

•294 

50 

•0010 

•0254 

1  mil  =  one-thousandth  part  of  an  inch. 
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Metric  Measures. 

The  metric  unit  of  length  is  the  me£re  =  39'37  inches. 

1  inch  =  2'54  centimetres  =  25'4  millimetres. 
The  metric  unit  of  mass  or  weight  is  the  gram  =  15*432  grains. 

1  lb.  =  454  grams,  and  1  kilogram  =  1000  grams  =  2*2046  lbs.  =  2  Ibs.  3  ozs. 
The  metric  unit  of  volume  is  the  litre  ;  it  is  the  capacity  of  a  cubic  decimetre. 

1  litre  of  water  =  1'76  pints  =  2'202  Ibs.  at  62°  F. 

The  following  prefixes  are  used  for  subdivisions  and  multiples  :  — 

T^j,  Deci=T"5,  Deca=10,  Hecto  =  100,  Kilo  =  1000,  Myria=10,000. 


Mensuration. 

Triangle.  —  Base  b  and  height  h.     Area  =  |  x  b  x  h. 
Circle.  —  Circumference  =  3'14  x  diameter. 

Area  =  3*14  x  radius  x  radius  =  ir  x  r2 

=  "7854  x  diameter  x  diameter  =  ^  x  d?. 

4 

3'1416,  or  ir,  is  always  known  as  Pi,  the  sixteenth  letter  in  the  Greek  alphabet. 
Ellipse.  —  Having  semi-axes  a  and  b. 

Circumference  =  |ir  {  a  +  b  +  \/2(«2  +  b2)  }  nearly. 

Area  =  it  x  a  x  b,  nearly. 
Sphere.  —  Radius  r.     Surface  =  4  x  it  x  r2.     Volume  =  |  x  TT  x  r3. 

Irregular  Area.  —  (1)  By  using  squared  tracing  paper.     (2)  By  Simpson's  rule. 

Simpson's  rule.  —  If  necessary,  divide  the  area  into   two  by  drawing  a  diameter,  and 

consider  as  two  areas. 

Divide  the  base  into  an  even  number  of  equal  parts,  say  10,  distance  apart  d. 
At  each  erect  a  perpendicular  cutting  the  curve  and  called  the  ordinate.     Let  the  length 

be  called  h,  and  number  from  1  to  1  1  ;  then 


Polygon.  —  A  regular  polygon  can  be  inscribed  in  a  circle,  and  can  have  a  circle  inscribed  in 
it,  the  two  circles  having  the  same  centre. 

We  have  equilateral  triangle  3  sides,  square  4,  pentagon  5,  hexagon  6,  heptagon  7,  octagon  8, 
nonagon  9,  decagon  10  sides. 

The  angle  at  the  centre  of  a  polygon  is  that  contained  by  two  lines  drawn  to  the  centre 

from  two  consecutive  corners,  and  =  -  r  -  <?   .  ,    .     This  gives  a  ready  method  of  setting  out 
a  regular  polygon,  using  a  protractor. 

Greek  Letters. 

The  student  will  not  do  very  much  reading  before  finding  that  very  often  quantities  are 
represented  by  letters  taken  from  the  Greek  alphabet,  and  will  therefore  do  well  to  obtain  a 
general  idea  of  these  letters. 


a 
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A 
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N 

Nu 

N 

j8 

B 
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B 
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Xi 

X 
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r 
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EXAMPLES   FOR  TRACING 

Drawing  No.  1. 

A  YOUTH  making  a  start  in  a  drawing  office  will  usually  find  that  for 
some  time  he  will  be  occupied  with  making  tracings  from  the  pencil  drawings 
of  a  more  experienced  draughtsman.  Such  a  set  of  drawings,  even  if  obtain- 
able, would  be  too  complicated  for  the  student  with  limited  time  at  his  disposal. 
The  setting  out  of  the  following  examples  will  furnish  practice  in  drawing 
lines,  joining  up  lines  to  curves,  curves  to  curves,  etc.,  and  will  enable  the 
student  to  become  familiar  with  the  use  of  his  instruments,  and  will  produce 
examples  which  will  afford  experience  in  tracing  immediately  they  are 
completed. 

Drawing  No.  1  consists  of  four  cards,  the  detailed  description  of  which 
follows  immediately.  The  drawing  should  be  completely  finished  off  with  all 
dimensions  and  lettering,  as  shown  on  next  page,  the  drawing  number 
being  put  on  the  top  right-hand  and  bottom  left-hand  corners  in  large  block 
figures  about  £  inch  deep,  and  the  title  in  the  bottom  right-hand  corner  in 
neat  block  letters  between  lines  drawn  ^  inch  apart.  The  drawing  should 
be  signed  with  name  and  date,  and  care  taken  of  it  until  it  is  required  for 
tracing  purposes. 

The  way  in  which  the  sheet  of  paper  should  be  fixed  to  the  board  depends 
upon  its  ultimate  use.  Thus,  if  on  the  sheet  it  is  intended  to  scheme  and  set 
out  the  design  of  an  important  machine,  it  would  be  damped  by  dipping  in 
water,  then  glued  by  a  half -inch  margin  down  to  the  board,  and  left  overnight 
in  a  horizontal  position  to  dry.  In  the  morning  the  sheet  is  tightly  stretched, 
and  will  remain  so  for  an  indefinite  period,  with  the  result  that,  at  any  time, 
dimensions  can  be  scaled  off  from  it  with  accuracy.  If  required  for  a  less 
important  purpose,  the  sheet  is  simply  tacked  down  with  ordinary  tacks, 
or,  better  still,  with  drawing  pins. 

Having  a  sheet  of  drawing  paper  22  by  15  inches  pinned  on  the  board,  first 
draw  a  margin  or  border  round  it,  half  an  inch  from  the  edge,  leaving  a  work- 
ing space  of  21  x  14  inches.  Divide  this  up  into  four  equal  cards,  by  one 
horizontal  and  one  vertical  line.  Each  card  will  thus  measure  10A  X  7  inches. 

In  the  pencil  drawing,  all  centre  and  dimension  lines  must  be  full  faint 
lines,  and  not  broken  lines.  All  dimensions  should  be  marked  off  direct  with 
the  pencil  from  the  edge  of  the  rule,  and  not  transferred  with  dividers.  The 
arrow-heads  terminating  the  dimension  lines  must  be  made  with  the  barbs 
lying  close  to  the  shank,  and  not  spread  out.  Practise  a  neat  method  of  writ- 
ing and  figuring,  and,  remembering  that  a  drawing  must  be  made  right,  do 
not  hesitate  to  use  your  india-rubber,  well  called  a  draughtsman's  best  friend. 
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It  sometimes  seems  a  pity  to  clear  out  the  result  of  some  hours'  work,  but  if  it 
is  not  drawn  correctly  to  dimensions,  it  should  be  erased  and  be  drawn 
correctly. 

Card  No.  1. — Shows  the  outline  of  a  dowel  plate,  used  for  fixing  the  rim 
of  a  fly-wheel  when  it  is  built  from  segments  (refer  to  Drawing  No.  22  B). 

First  draw  in  the  centre  lines  CL,  fixing  the  point  A.  The  detail  is  sym- 
metrical about  these  centre  lines.  Fill  in  from  the  dimensions.  It  is  clearly 
impossible  on  your  sheet  to  set  out  the  dowel  plate  full  size  to  the  actual 
dimensions ;  hence  every  dimension  given  must  be  divided  by  four,  and  the 
result  used  for  setting  out  the  drawing.  Thus,  while  BC  is  2  feet  actual 
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size,  in  our  drawing  it  will  be  represented  by  a  length  of  6  inches.  The 
drawing  so  obtained  is  said  to  be  drawn  to  a  scale  of  £  natural  size,  \  full  size, 
or  3  inches  to  the  foot,  by  which  we  mean  that  3  inches  on  our  drawing  is 
equal  to  1  foot  on  the  actual  detail. 

Card  No.  2. — The  object  of  the  work  on  this  card  is  to  explain  the  geo- 
metrical methods  used  to  obtain  correctly  the  centre  B  on  Card  No.  3,  and 
the  centres  C,  D,  E,  and  F  on  Card  No.  4. 

Fig.  B.  Two  surfaces  wneet  at  right  angles :  to  fillet  off  the  sJiarp  corner  so 
formed. — Draw  the  lines  ab,  ac,  meeting  at  right  angles.  To  draw,  say,  a  1-inch 
circle,  to  touch  ab  and  ac  and  so  fillet  off  the  corner : — Take  on  the  compass  a 
length  equal  to  the  radius  required  (in  this  case  half  an  inch).  With  a  as  centre 
and  this  radius  mark  off  ad  and  ae.  With  the  same  radius  take  d  and  e  as 
centres  in  turn,  and  draw  the  two  arcs  cutting  in  /.  Then  /  is  the  centre  for 
the  radius  forming  the  fillet. 
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Fig,  C.  To  draw  a  circle  to  touch  a  given  circle  and  a  given  straight  line. 
— From  a  centre  O,  with  a  radius  OM  equal  to  If  inches,  draw  the  arc  MN. 
Draw  GH  parallel  to  the  centre  line  Od.  To  fi  nd  the  centre  C  of  a  circle 
If  inches  radius  which  touches  both  these: — 

From  any  point  F  in  Od  draw  the  perpendicular  FE,  and  by  its  aid  draw 
CL  parallel  to  GH  and  If  inches  from  GH.  Any  circle  with  its  centre  on 
CL  and  If  inches  radius  will  touch  GH. 

From  M  make  MP  equal  to  If  inches,  and  with  centre  O  draw  the  arc  PC. 
Any  circle  with  its  centre  on  PC  and  radius  If  inches  will  touch  the  arc  MN. 
The  point  of  intersection  C  gives  the  centre  of  a  circle  If  inches  radius,  which 
touches  the  given  circle  and  straight  line. 


CARPS. 
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Fig.  E.  To  draw  a  circle  to  pass  through  a  given  point  and  touch  a  given 
circle. — From  O  as  centre  draw  the  circle  MN,  radius  If  inches.  Fix  the  point 
Q  by  drawing  QR  parallel  to  the  centre  line  ON,  £  inch  from  it,  and  making 
OQ  equal  to  1  inch.  To  find  the  centre  e  of  a  circle,  say  1  inch  radius, 
which  will  pass  through  Q  and  touch  the  arc  MN: — 

From  N  along  NO  mark  off  a  length  of  1  inch,  giving  S.  With  O  as  centre, 
radius  OS,  draw  the  arc  Se.  With  Q  as  centre  and  the  radius  1  inch  draw 
the  arc  Te.  The  intersection  e  of  these  two  arcs  gives  the  centre  of  the  circle, 
1  inch  radius,  which  passes  through  Q  and  touches  MN. 

Card  No.  3. — Shows  the  sectional  outline  of  an  oil -thrower,  used  mainly 
for  electric  motors.  They  are  fixed  on  the  shaft,  one  on  each  side  of  a  bearing, 
and  prevent  oil  from  the  bearing  creeping  along  the  shaft  by  flinging  it  off,  due 
to  centrifugal  force.  The  side  A  goes  next  the  bearing. 
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That  portion  of  the  detail  above  the  centre  line  only  is  shown,  but  on 
making  the  drawing  it  must  be  completed  below  the  centre  line,  as  shown  in 
Drawing  No.  1.  For  the  correct  method  of  obtaining  the  centres  B,  refer  to 
fig.  B,  Card  No.  2. 

Card  No.  4. — Shows  the  outline  of  a  spanner  or  screw-key,  suitable  for  a 
one-inch  Whitworth  standard  nut.  The  length  of  the  handle  is  16  inches.  For 
the  purpose  of  drawing,  make  it  6  inches  long,  and  indicate  that  the  dimension 
is  not  correct  to  scale  by  drawing  a  line  under  it. 

In  setting  out  the  example,  commence  with  the  centre  O,  and  draw  the 
circle  1^  inches  diameter.  With  the  60°  set  square  set  out  the  hexagon 
jaw,  thus  fixing  the  point  Q.  Through  Q  draw  the  horizontal  centre  line  of  the 
handle,  then  proceed  to  fill  in  the  detail,  obtaining  the  centres  C,  D,  E,  and  F 
as  shown  in  fig.  C  and  fig.  E,  Card  No.  2. 

Examples — 

1.  When  making  a  drawing  we  use   a   scale   determined  by  the  size 

of   the  detail.     Set  out  a  scale  of  6  inches  =  1  foot  to  read  up 
to  2  feet. 

Note. — Use  a  proper  geometrical  construction  for  dividing  the  first  6  inches 
into  12  parts,  to  represent  inches,  and  then  for  dividing  at  least  one  of 
these  parts  into  four  to  represent  £-inche.«. 

2.  Set  out  a  scale  of  quarter  full  size  to  read  up  to  4  feet. 

3.  Set  out  a  scale  of  half  full  size  to  read  up  to  30  centimetres. 

4.  Set  out  a  circle  1|  inches  radius  touching  a  circle  3  inches  radius, 

(a)  externally,  (6)  internally. 

5.  Draw  two  circles,  2  inches  and  1£  inches  diameter  respectively,  with 

their   centres   2|   inches   apart.      Draw   geometrically  the   four 
tangent  lines  touching  both  circles. 


EXAMPLES   FOR  TRACING. 


Draiwng  No.  2. 

MAKE  a  drawing  of  the  following  four  cards,  fully  dimensioned  and  finished 
off  in  exactly  the  same  way  as  Drawing  No.  1. 
The  important  points  to  remember  are : — 

1.  All  centre  and  dimension  lines  to  be  faint  full  lines. 

2.  The  centre  for  a  curve  is  to  be  found  geometrically  before  the  curve 

is  drawn.    The  centre  should  not  be  obtained  by  trial ;  and,  above 
anything  else,  do  not  sketch  in  the  curve  freehand. 

3.  When  a  centre  has  been  obtained,  a  small  ring  round  it  will  enable 

it  to  be  found  at  a  glance,  and  prove  very  useful  when  you  come 
to  trace  the  drawing. 

Card  No.  1. — Shows  the  outline  of  a  piece  of  mild  steel,  as  arranged  to 
undergo   a   test  for  torsion.     Shafts   transmitting   energy  are  subjected  to 
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twisting,  and,  in  order  to  obtain  some  knowledge  of  the  properties  and  behaviour 
of  any  metal  when  in  such  a  state  of  stress,  pieces  are  cut  from  it,  shaped  as 
indicated,  and  subjected  to  known  torsional  stresses. 

The  slot  at  one  end  serves  to  hold  that  end  rigid  in  a  fixed  head ;  the  slot 
at  the  other  end  enables  the  stress  to  be  applied  so  as  to  twist  the  bar.  Whilst 
doing  this  the  necessary  observations  are  made. 

Card  No.  2. — Shows  a  ratchet  wheel.  This  is  rigidly  keyed  to  a  shaft, 
and  a  pawl  engaging  the  teeth  allows  the  shaft  to  rotate  in  one  direction  only. 
The  wheel  has  thirty-six  teeth,  half-inch  pitch,  on  the  rim  or  circumference, 
which  therefore  has  a  length  of  18  inches.  The  diameter,  which  is  circum- 
ference -^3'14,  is  5'73  inches, — say  5f  inches. 


Card  No.  3. — Shows  the  reversing  pole  of  the  field-magnet  of  an  electric 
motor.  Set  out  the  detail  in  the  upper  right-hand  card  on  the  sheet. 
Commence  by  fixing  the  centre  from  which  the  large  radii  are  drawn.  After 
drawing  in  these  arcs,  work  away  from  the  point  P.  A  detailed  explanation 
of  how  to  obtain  the  various  centres  is  not  offered,  but  the  student  should 
endeavour  to  obtain  geometrically  the  centre  of  a  circle,  before  drawing  it  in. 

Card  No.  4. — Shows  the  outline  of  the  chain- wheel  of  a  motor.  It  has  ten 
teeth.  To  set  these  out,  first  fix  the  ten  centres  A,  Av  etc.,  on  the  pitch  circle. 
This  may  be  done  as  follows : — 

1.  The  angle  at  the  centre  of  a  circle  is  360  degrees. 

By  means  of  a  protractor  set  out  ten  radial  lines  from  the  centre,  the  angle  between 
any  two  being  36  degrees. 

2.  Diameter  of  pitch  circle  =  4 J*  inches. 
Circumference  of  pitch  circle  =  4^  x  3*14  =  12'66  inches. 
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So  that  pitch  AAX  along  the  circumference  is  one-tenth  of  this,  or  1-266 
inches. 

Stepping  this  round  the  circumference  with  a  pair  of  dividers,  the  distance 
marked  off  is  really  the  length  of  the  straight  line  or  chord  joining  AA1;  and 
this  is  shorter  than  the  arc  AAr  Therefore  take  a  length  of  1^  inches  on  the 
compass,  and  step  round  the  circle ;  adjust  the  compass,  and  step  round  again 
until  the  circumference  is  divided  into  ten  equal  parts. 

Example. — For  each  detail  convert  the  dimensions  into  millimetres,  and 
show  them  by  red  figures  under  the  ordinary  dimensions.  Use  the  table  on 
page  7. 


Of   THE 

UNIVERSITY 

OF 


EXAMPLES   FOR  TRACING. 

Drawing  No.  3. 

IT  is  absolutely  essential  that  the  student  be  thoroughly  well  able  to  draw 
lines,  to  figure,  and  to  write  neatly,  and  also  be  well  acquainted  with  his  instru- 
ments, before  attempting  work  which  involves  a  knowledge  of  projection.  It 
will  thus  be  found  advantageous  to  continue  on  the  lines  of  previous  work, 
setting  out  the  following  four  cards,  and  producing  a  drawing  exactly  as  in 
the  last  two  examples. 

Card  No.  1. — Gives  useful  geometrical  constructions. 
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Fig.  (a). — For  the  purpose  of  setting  out,  take  a  circle  I  inch  radius  through 
the  centre  O,  draw  a  line  at  60°  to  the  horizontal,  to  cut  the  circumference  in  a 
point,  through  which  draw  a  parallel  to  OX  to  cut  the  vertical  line  in  Y. 
Measure  the  length  YZ,  and  see  how  it  agrees  with  the  rule- 
Circumference  =  TT  X  diameter. 

From  the  properties  of  triangles,  calculate  what  length  YZ  should  be,  and 
write  down  your  results. 
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Fig.  (6). — OP  is  a  given  arc  of  a  circle.  To  find  a  straight  line  equal  to  it 
in  length : — 

From  p  draw  the  tangent  pq,  also  the  chord  po.  Bisect  po  in  r,  continue 
op,  and  make  ps  equal  to  pr.  With  s  as  centre,  so  as  radius,  draw  the  arc  to 
cut  the  tangent  in  q.  Then  qp  is  equal  in  length  to  the  arc  op. 

In  setting  out,  take  a  circle  1  inch  radius,  make  the  chord  op  equal  to  the 
radius — that  is,  the  arc  op  is  one-sixth  of  the  circumference.  Measure  qp. 
Write  down  the  result.  Check  it  by  arithmetic. 

Fig.  (c). — In  setting  out,  draw  a  line  ab  2'1  inches  long.  Draw  the  tangent 
circle  bd  with  a  2-inch  radius.  To  set  off  along  the  arc  bd  a  length  equal  to 
the  straight  line  ab : — 

Divide  ab  into  four  equal  parts.  With  e  as  centre,  radius  ea,  draw  an  arc  to 
cut  the  circle  in/.  Then  6/is  the  arc  required.  Show  that,  with  the  dimensions 
taken,  the  chord  bf  should  equal  the  radius  of  bd,  i.e.  2  inches.  Try  if  this  is  so. 

Fig.  (d). — Shows  the  method  of  drawing  a  tangent  to  a  circle  from  a  given 
point  p.  A  semicircle  is  drawn  on  op  as  diameter,  cutting  the  given  circle 
at  X.  Then  Xp  is  the  required  tangent.  The  construction  is  based  on  the 
fact  that  the  angle  between  any  two  chords,  each  having  one  end  at  the  ends 
of  the  semicircle  and  meeting  at  a  common  point  on  the  circumference,  is  a 
right  angle.  The  angle  in  a  semicircle  is  a  right  angle. 

Card  No.  2. — Set  out  full  size  the  standard  sections  of  tee,  girder,  channel, 
and  angle  irons  shown. 

In  making  use  of  similar  sections  of  material  in  any  work,  the  student 
must  be  careful  to  use  only  those  sections  actually  rolled  by  the  makers,  and 
should  refer  to  makers'  or  merchants'  lists ;  also  should  not  hesitate  to  stretch 
a  point,  if  by  so  doing  he  can  make  use  of  an  immediate  stock  size. 
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Card  No.  3. — Shows  an  English  standard  section  of  a  tramway  rail  having 
a  weight  of  105  Ibs.  per  yard.     Set  out  to  a  scale  of  three-quarters  full  size. 


Slojae  \\ij8. 


Card  No.  4. — Gives  the  section  of  a  standard  railway  rail,  weight  100 
Ibs.  per  yard.  The  setting  out  of  Cards  Nos.  3  and  4  is  left  entirely  to  the 
student,  but  no  great  difficulty  should  be  experienced. 
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Examples — 

1.  Refer  to  fig.  (a),  Card  No.  1,  and  its  description. 

Circle  2  inches  diameter.    Circumference  6'28  inches. 
By  construction  :  Circumference  =         inches. 
By  calculation  we  have 

For  a  right-angle  triangle,  the  square  on  the  long  side  is  equal  to  the  sum  of 
the  squares  on  the  other  two  sides. 

Take  the  60°  triangle  (set  square)  :  the  sides  are  in  the  proportion  1,  2,  and  V3. 
In  the  diagram, 


Therefore 


Radius  =  1  inch. 
Vertical  side  of 
Base =3  diameters  =  6  inches. 


Vertical  side  of  large  triangle  =  1  +  v-  inches. 

m 


Longside=  >y62  +   l  +  = V36  +  3-48 

=  6 '28,  or  circumference. 

2.  Refer  to  fig.  (6),  Card  No.  1.     The  side  of  a  regular  hexagon  inscribed  in  a  circle  has  a 

length  equal  to  the  radius  of  the  circle.  Therefore,  taken  as  an  example,  the  arc 
cut  off  by  a  chord  equal  to  the  radius  is  one-sixth  of  the  circumference.  Diameter 
of  circle  2  inches  circumference,  6'28  inches.  Length  of  arc,  1  '04  inches. 

3.  Having  the  standard  sections,  Card  No.  2,  plotted  out  full  size,  find  in  each  case 

the  area,  either  by  putting  a  piece  of  squared  tracing  paper  over,  and  counting  up 
the  squares,  or  by  calculation.  Take  a  length  of  12  inches  and  find  the  volumes. 
Taking  the  weight  of  the  material  as  0'28  Ibs.  per  cubic  inch,  express  the  weights 
of  the  different  sections  in  Ibs.  per  foot. 

4.  Cut  out  full  size  in  heavy  paper  or  cardboard  the  rail  sections,  Cards  Nos.  3  and  4. 

In  each  case,  find  the  centre  of  gravity  of  the  section — that  is,  the  point  about 
which  the  section  will  balance.  Do  this  by  the  method  of  two  suspensions  ;  i.e. 
pin  the  section  up  on  a  vertical  board  so  that  it  can  oscillate  freely,  draw  on  the 
section  the  vertical  line  through  the  point  of  suspension  (use  a  plumb  bob  to  get 
this) ;  pin  the  section  up  in  the  same  way  about  some  other  point,  and  where  the 
vertical  line  in  this  position  cuts  the  previous  one  is  the  centre  of  gravity  of 
the  section.  Pin  up  by  other  points,  and  show  that  the  vertical  line  always 
passes  through  the  centre  of  gravity  obtained. 

5.  For  each  rail  section,  obtain  the  sectional  area  in  square  inches  by  drawing  a  squared 

area  over  it  and  counting  up.  Knowing  the  weight  of  1  yard  in  length,  calculate 
the  weight  of  a  cubic  inch  of  the  material  of  which  they  are  made. 


§  2.— TRACING. 

Use  of  a  Tracing. — In  earlier  days  a  drawing  was  made  on  good-quality 
drawing  paper,  and  when  completed  it  was  carefully  inked  in  with  Indian  ink 
rubbed  down  from  the  solid  stick,  the  centre  lines  drawn  in,  in  red,  the 
dimension  lines  in  blue,  and  dimensions  in  black.  Any  future  alterations  were 
noted  in  red,  and  the  drawing  thus  finished  off  was  kept  as  a  record.  Copies 
of  it  to  be  sent  out  of  the  works  were  made  on  oiled  semi-transparent  paper 
called  tracing  paper.  For  the  use  of  workmen  in  the  shops,  tracings  were 
made  on  semi-transparent  starched  and  glazed  linen  called  tracing  cloth. 

Both  kinds  of  tracing  are  expensive  to  make,  as  they  occupy  considerable 
time  on  the  part  of  a  tracer  in  the  drawing  office.  The  result  was  that  shop 
tracings  were  in  use  long  after  they  were  in  a  most  dirty  condition,  leading  to 
endless  waste  of  time  in  trying  to  read  them,  and  great  possibility  of  making 
mistakes,  or  the  need  for  referring  to  the  drawing  office  to  see  the  record  or 
original  drawing. 

Modern  Use  of  Tracings. — Present-day  procedure  is  somewhat  as  follows. 
The  drawing  is  finished  off  by  the  draughtsman,  who  should  waste  no  time  in 
making  it  ornamental,  simply  making  it  plain,  complete,  and  easy  to  read.  It 
is  then  passed  on  to  a  tracer,  who  makes  an  accurate  copy  on  tracing  cloth, 
which  copy  is  then  passed  on,  together  with  the  drawing,  to  a  leading 
draughtsman,  called  a  checker,  who  examines  it  to  see  that  it  is  in  accordance 
with  the  rules  of  the  office,  that  it  is  drawn  correctly,  and  that  it  does  not 
contain  any  mistakes.  After  this  checking  the  original  drawing  is  officially 
destroyed,  and  the  tracing  is  now  ready  for  photo-print  copies  to  be  taken 
from  it,  which  copies  are  used  as  explained  in  the  next  section. 

Hints  on  Tracing. — 

1.  Do  not  attempt  to  save  ink.     Line  in  the  detail  with  good,  solid,  firm 

lines,  making  the  dimension  and  centre  lines  about  half  as  thick. 

2.  Make  your  tracing  on  the  dull  side  of  the  cloth :  the  ink  runs  more 

easily,  and  mistakes  can  be  scrubbed  out  (by  means  of  ink  eraser) 
more  readily,  and  with  less  injury  to  the  surface.  On  the  other 
hand,  if  the  tracing  is  used  as  the  drawing-office  record  for  general 
reference,  it  will  not  wear  out  so  quickly,  and  will  not  get  so  dirty, 
if  the  tracing  is  made  on  the  glazed  or  glossy  side. 

3.  After  making  an  erasure  or  cleaning  a  tracing  with  india-rubber, 

restore  the  surface  by  rubbing  with  powdered  French  chalk. 

4.  Before  commencing  the  tracing,  try  a  few  lines  on  the  edge  of  the 

tracing  cloth.     It  may  be  found  that  the  ink  tends  to  gather  in 
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globules,  and  does  not  leave  the  lines  with  firm  edges.  This  is 
due  to  the  greasy  surface  of  the  cloth,  to  overcome  which,  rub 
the  surface  of  the  cloth  with  a  duster  and,  preferably,  powdered 
French  chalk.  In  the  absence  of  French  chalk,  ordinary  chalk 
powdered  will  do. 

5.  After  drawing  a  line,  be  careful  to  see  that  it  is  dry  before  sliding 

your  tee  square,  set  square,  or  arm  over  it. 

6.  Draw  all  lines  from  left  to  right,  and  be  careful  that  the  drawing 

pen  does  not  cut  through  the  cloth. 

7.  It  is  usual  to  put  in  all  curves  first,  by  aid  of  the  ink  compass,  because 

it  is  so  much  easier  to  run  a  line  to  or  from  a  curve  than  to  join 
a  curve  to  an  existing  straight  line  neatly. 

8.  If  you  are  unlikely  to  finish  your  tracing  before  leaving  it  overnight, 

do  not  put  in  more  curves  than  you  can  joint  up  before  leaving, 
and  finish  off  that  portion  of  the  detail  you  are  engaged  on.  The 
tracing  cloth  will  expand  and  buckle  during  the  night,  and  may 
cause  you  trouble  if  you  fail  to  do  this.  Leave  your  tracing  on 
your  board,  and  note  its  appearance  next  class  meeting. 

Fig.  5. — Illustrates  a  few  points  often  required  during  tracing. 
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Fig.  A. — Shows  the  usual  class  of  lines  to  use  when  tracing.     Sometimes 
tracings  are  made  with  centre  lines  in  red,  dimension  lines  in  brown;   this 
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makes  the  tracing  more  clear  in  the  photo  print  while  new.  The  lines  drawn 
as  shown  will,  however,  stand  rough  usage  very  well. 

Fig.  B. — AB  is  a  given  length :  we  require  to  find  its  middle  point  H. 

The  most  common  method  is  to  find  H  by  trial,  and  after  some  practice  this 
is  rapid  and  easy.  The  geometrical  method  is : — With  centre  B,  and  any  length 
greater  than  half  BA  as  radius,  describe  the  arc  OF.  With  A  as  centre  and 
the  same  radius,  draw  the  arc  DF,  cutting  the  first  arc  at  E  and  F.  Join  EF, 
obtaining  H. 

Fig.  C. — PQR  is  a  given  angle.     To  draw  the  line  QX  which  bisects  it. 

With  Q  as  centre,  any  length  QT  as  radius,  draw  the  arc  ST ;  then  with 
centre  S,  and  any  length  as  radius,  draw  the  arc  UX.  With  centre  T,  and  the 
same  radius,  draw  the  arc  WX,  giving  the  point  X.  Join  X  to  Q,  and  we  divide 
the  angle  PQR  into  the  two  equal  angles  PQX  and  XQR. 

A  more  ready  method  is  to  measure  the  whole  angle  by  means  of  a 
protractor,  divide  by  two,  and  set  out  the  half  angle. 

Fig.  D. — MN  is  a  given  arc  of  a  circle.     To  find  its  centre  O. 

Fix  any  four  points  a,  b,  e,  f  on  MN.  Then  with  a  as  centre,  ab  as  radius, 
draw  the  arc  dbc.  With  6  as  centre,  and  same  radius  ba,  draw  the  arc  cad. 
These  two  arcs  cut  in  c  and  d.  Join  dc.  The  centre  of  the  circle  lies 
somewhere  on  the  line  cd  produced.  Similarly,  with  e  and  /  as  centre  in  turn, 
radius  ef,  draw  the  arcs  cutting  in  g  and  h.  Join  gh,  and  produce  it  to  cut 
cd  in  O.  O  is  the  required  centre. 

Exercises — 

1.  Make  a  fully  dimensioned  and  finished-off  tracing  of  Drawing  No.  1 

on  tracing  cloth. 

2.  Complete  a  tracing  on  cloth  of  Drawing  No.  3. 

3.  Make  a  tracing  on  paper  of  Drawing  No.  2.     The  previous  remarks 

apply,  except  section  4.  Paper  is  not  treated  with  chalk  before 
commencing.  Should  the  ink  not  run  well,  a  little  soap  in  it 
will  obviate  the  difficulty. 


§  3.— PHOTO  COPIES  OF  TRACINGS. 

THE  tracing,  complete  and  checked,  becomes,  as  has  been  explained,  the  record. 
From  it,  by  means  of  printing  apparatus,  as  many  copies  as  may  be  desired 
can  be  produced  at  quite  a  moderate  expense.  The  tracing  is  carefully 
recorded  by  number,  etc.,  in  some  form  of  index  system,  so  that  it  can  readily 

be  found,  and  kept  stored  away, 
copies  being  taken  from  it  as  re- 
quired. 

For  sending  out  when  tendering 
for  work,  or  for  other  special  pur- 
poses, white  prints,  which  can  be 
coloured  and  finished  off  with  any 
amount  of  ornamentation,  are  usually 
employed.  For  ordinary  use,  prints 
which  will  stand  rough  usage  are 
preferred. 

Printing  Apparatus  (fig.  7).— 
Where  many  tracings  are  produced, 
and  a  number  of  copies  required 
from  each  tracing,  the  usual  printing 
apparatus  for  rapid  printing  con- 
sists of  a  plate-glass  cylinder  24 
inches  diameter  by  54  inches  high, 
open  at  both  ends,  and  made  up  of 
two  half-cylinders  of  -fa  inch  thick 
glass  mounted  on  a  base-plate.  The 
tracing  to  be  copied  is  wrapped 
round  the  outside  of  the  cylinder, 
then  the  sensitised  or  prepared  paper 
is  put  round  the  tracing,  and  the 
whole  strapped  up  tight  by  means 
of  a  canvas  backing.  An  electric 
arc  lamp  without  cover  is  suspended 
above  the  cylinder,  by  means  of  a 
regulating  dashpot  mechanism,  and 
is  arranged  to  descend  at  a  slow  and  regular  rate,  down  through  the  centre 
of  the  glass  cylinder.  The  effect  of  the  rays  of  light  is  to  change  the  chemical 
composition  of  that  portion  of  the  sensitised  paper  not  protected  by  the  black 
lines  on  the  tracing.  The  lamp  is  wound  back  to  the  top  ready  for  the  next 

26 


FIG.  7. — Photo  Printing  Apparatus. 
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print,  the  canvas  backing  unstrapped,  and  the  sensitised  paper  removed  and 
thoroughly  well  washed  in  cold  water  and  dried. 

Fig.  8. — For  practice  in  photo  printing  in  connection  with  evening-class 
work,  a  flat  sheet  of  plate-glass  24  inches  by  18  inches  by  \  inch  thick  is 
mounted  in  a  frame  with  a  loose  board  at  the  back  covered  with  \  inch  thick 
felt,  the  board  being  arranged  so  that  it  can  be  wedged  up  tight  against  the 
glass  face,  so  as  to  take  all  creases  out  of  the  tracing  and  so  get  the  sensitised 
paper  close  up  to  the  back  of  the  tracing.  As  the  size  of  the  print  being 
taken  is  not  large  (22  inches  by  15  inches),  the  frame  can  be  supported  so  as 
to  stand  vertically,  and  the  cover  removed  from  a  convenient  arc  lamp,  which 
is  lowered  and  arranged  to  hang  nicely  in  front  of  the  frame.  To  obtain  good 
prints,  as  regards  time  of  exposure,  is  simply  a  matter  of  practice.  Sunlight, 
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FIG.  8.  —Photo  Printing  Frame. 


FIG.  9. — Photo  Printing  Frame. 


when  obtainable,  will  do  just  as  well,  and  save  the  trouble  of  manipulating  the 
arc  lamp. 

For  taking  large  workshop  prints  by  sunlight,  an  adjustable  frame,  with 
folding  back-board  and  spring  over  each  fold,  is  used,  as  shown  in  fig.  9. 

Types  of  Prints. — The  most  usual  print  copies  taken  from  tracings  are : — 

(a)  White  lines  on  a  blue  ground  (ferro-prussiate  paper,  fig.  10). 
(6)  Black  lines  on  a  white  ground  (fig.  11). 

(c)  White  lines  on  a  brown  ground. 

(d)  Blue  lines  on  a  white  ground. 

(e)  Brown  lines  on  a  white  ground. 

For  prints  issued  to  the  workshops,  where  they  soon  get  dirty,  more  often 
than  not  quite  carelessly,  blue  prints  (white  lines  on  blue  ground)  or  brown 
prints  (white  lines  on  a  brown  ground)  are  mostly  used. 

White  prints,  or  prints  with  a  white  ground,  are  usually  reserved 
for  special  work.  Shop  prints  of  standardised  work  are  usually  mounted 
on  cardboard  sheets  and  varnished  over  with  "paper  varnish"  to  preserve 
them. 


28 


MECHANICAL  DRAWING. 


Instructions. —  When  making  a  tracing  which  is  to  be  used  for  photo- 
printing  purposes,  remember : — 

(a)  The  paper  or  cloth  used  should  be  very  transparent,  and  of  a  white  or  bluish  colour. 

If  it  has  a  yellow  appearance  good  prints  are  impossible. 
(6)  All  lines,  figuring,  and  lettering  should  be  bold  and  firmly  drawn  with  good,  thick, 

opaque  ink.     Stick  ink,  i.e.  that  rubbed  down  in  a  palette  from  a  solid  stick,  is  best, 

but  is  troublesome.     Liquid  ink  of  good  quality  is  very  convenient,  and  usually 

so  satisfactory  that  it  is  practically  always  used. 

(c)  Centre  lines  should  be  drawn  full  red  (vermilion),  or  black  chain  dotted  lines  thinner 

than  the  outline  of  the  detail. 

(d)  Dimension  lines  should  be  drawn  in  full  brown  lines  with  burnt  sienna,  or  black 

chain  dotted  lines,  the  dimensions  and  arrow-heads  always  being  in  black. 

(e)  The  tracing  should  not  be  creased  or  folded  in  any  way,  but  should  be  carefully 

rolled  up.  It  should  not  be  coloured  at  all.  To  show  up  parts  for  machining, 
take  an  ordinary  writing  pen,  and  with  red  ink  (carmine)  draw  a  good  thick  line 
along  the  surface  to  be  machined,  on  the  back  of  the  tracing,  blotting  off  the 
excess  of  ink. 

(/)  The  tracing  is  not  injured  at  all  during  the  copying  process,  but  care  should  be  taken 
that  it  is  not  splashed  with  water,  when  washing  the  print. 

Whenever  it  becomes  necessary  to  make  additions,  or  to  write  on  a  blue 
print,  use  the  ordinary  drawing  instruments,  or  a  writing  pen  and,  as  ink,  a 
solution  of  common  soda  in  water ;  also  rub  out  with  a  blue  pencil  all  the  lines 
not  required.  To  remove  black  lines  from  a  white  print,  take  a  small  camel- 
hair  brush,  and  wash  them  over  with  a  solution  of  oxalic  acid  in  water. 

Hectography  (fig.  12). 

It  is  often  necessary  to  obtain  a  fair  number  of  reproductions  of  small 
sketches,  or  written  matter,  and  a  ready  method  of  obtaining  these  is  to  make 
use  of  a  hectograph  pad  prepared  as  follows : — 

Take  12  ozs.  of  glycerine,  3  ozs.  of  best  glue,  3  ozs.  of  sugar,  12  ozs.  of  water 


Flo.  12. — Hectographing  Pad. 

and  £  oz.  of  kaolin  (china  clay).  Dissolve  the  glue  in  the  water,  add  the  other 
ingredients,  thoroughly  mixing  up,  and  while  warm  pour  into  a  shallow  tin. 
These  quantities  are  sufficient  for  a  foolscap-size  tin,  14  inches  x  9  inches  x 
|  inch  thick.  Set  aside  the  preparation  on  a  level  surface,  in  a  place  free 
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from  dust,  and  allow  to  set.  The  drawing  is  made  with  a  special  ink,  which 
is  best  purchased,  but  may  be  made,  consisting  of  aniline  blue,  1  oz. ;  water, 
7  ozs. ;  spirits  of  wine,  1  oz. ;  glycerine,  \  oz. ;  a  few  drops  of  ether,  and  a  drop 
of  carbolic  acid.  When  ready,  and  the  ink  on  the  drawing  has  become  dry, 
pass  a  wet  sponge  lightly  over  the  surface  of  the  pad,  and  allow  it  to  get  nearly 
dry.  Lay  the  drawing  on  the  surface,  letting  it  remain  in  contact  about  one 
minute,  applying  slight  but  regular  and  equal  pressure,  then  remove.  To 
obtain  copies,  take  a  blank  sheet  of  paper,  lower  it  squarely  on  to  the  surface 
of  the  pad,  avoiding  air-bubbles,  apply  gentle  pressure,  and  remove.  Fifty 
copies  can  easily  be  obtained,  if  the  right  quality  of  paper  is  used.  For  the 
original  copy  a  smooth,  glossy,  non-absorbent  paper  is  oest,  while  for  copies 
an  unsized  and  absorbent  paper  is  more  satisfactory  than  one  with  too 
smooth  a  surface.  The  original  drawing  should  be  made  with  a  clean,  new 
nib,  as  otherwise  the  ink  will  clog  badly.  If  the  pad  is  required  again  for 
immediate  use,  sponge  off  the  ink  still  on  the  surface;  otherwise,  lay  it  aside, 
and  the  ink  will  be  gradually  absorbed  into  the  material,  and  will  not  interfere 
with  subsequent  impressions. 


§  4.-PRINCIPLES  OF  PROJECTION. 

WE  have  spoken  of  mechanical  drawing  as  a  language  used  by  engineers,  and 
of  the  necessity  of  making  the  drawing  so  that  it  may  readily  be  understood. 
Unfortunately,  we  have  in  use  several  methods  of  projecting  the  different  views 
of  an  object.  At  times  most  annoying  mistakes  occur,  due  to  the  misread- 
ing of  the  drawing.  A  man  working  in  a  shop  with  one  system  may  come 
into  another  shop  using  another  system,  and  for  some  time  be  fairly  fogged, 
and  not  at  all  sure  of  his  work.  One  sees  holes  and  brackets  handed  due  to 
the  workman  misreading  two  views  of  his  drawing,  and  occasionally  one  meets 
a  draughtsman  using  two  systems  of  projection  on  the  same  drawing. 

The  object  of  this  section  is  to  place  before  the  student  the  different 
methods  in  use,  so  that  in  any  subsequent  work  he  can  decide  what  method 
of  projection  has  been  used,  and  also  use  the  method  he  prefers.  In  the 
various  examples  which  follow,  the  student  will  observe  that  method  No.  1 
has  been  mainly  used,  as  it  follows  the  ordinary  teachings  of  geometry,  and  is 
probably  the  one  most  widely  used  in  practice.  The  other  methods,  particularly 
No.  3,  are  worthy  of  attention. 

Rectangular  or  Orthogonal  Projection. 

Fig.  13  is  a  picture  view  showing  the  projections  of  a  standard  brick,  on 
the  three  plane  surfaces  X,  Y,  and  Z,  which  are  at  right  angles  to  each  other, 
and  to  which  reference  will  be  made  when  explaining  the  following  methods 
of  projection. 

Method  1. — Imagine  the  brick  suspended  in  space,  as  shown  in  fig.  13, 
relative  to  the  three  planes  X,  Y,  Z.  Assume  that  you  are  looking  down  on 
top  of  the  brick ;  you  will  see  the  top  face  marked  B.  An  exact  reproduction 
of  what  is  seen  is  drawn  on  the  plane  X,  lettered  Bp  and  is  called  the  plan. 
Assume  you  are  standing  out  in  front  of  the  brick ;  you  see  the  face  C.  A 
drawing  of  what  is  seen  is  made  on  the  plane  Y,  lettered  Cv  and  is  called  the 
front  elevation.  Assume  you  are  looking  at  the  side  of  the  brick,  seeing 
the  face  A.  Make  a  drawing  of  what  is  seen  on  the  plane  or  surface  Z,  letter 
it  A1?  and  call  it  the  side  elevation.  So  far  we  have  dealt  only  with  the 
picture  view  of  fig.  13,  where  we  have  the  three  planes  at  right  angles.  To 
transfer  this  to  our  flat  drawing  board,  imagine  the  plane  X  to  turn  down 
about  OP  as  a  hinge-line,  until  it  lies  flat  with  the  plane  Y,  carrying  'the  view 
Bt  with  it.  Imagine  the  plane  Z  to  turn  back  about  OQ  as  a  hinge-line, 
until  it  also  lies  flat  with  the  plane  Y,  carrying  the  view  A{  with  it.  We 
obtain  a  drawing  as  shown  in  fig.  14,  in  which — 
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C1;  the  front  elevation,  is  obtained  by  looking  at  the  object  in  the  direc- 
tion of  the  arrow  Y. 

Bj,  the  plan,  is  obtained  by  looking  in  direction  of  arrow  X. 
A1;  the  side  elevation,  is  obtained  by  looking  in  direction  of  arrow  Z. 

In  ordinary  drawing  the  lines  P,  O,  and  Q  and  other  construction  lines  are  left 
off,  and  we  simply  have  the  views  Ap  BI;  Cx  on  the  drawing,  without  any 
remarks  as  to  what  they  are,  or  how  they  are  obtained.  This  method  of 
projection  is  spoken  of  as  a  clockwise,  left-to-right,  or  a  three-angle  method 
of  projection. 

Method  2  (fig.  15). — This  is  a  slight  variation  of  method  1.     The  projection 
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is  made  exactly  as  before  described,  but  in  representing  this  on  the  flat  draw- 
ing board,  the  view  Ax  is  placed  on  the  left-hand  side  of  the  view  Cv  instead 
of  on  the  right-hand  side,  as  in  method  1.  For  objects  symmetrical  about  the 
centre  line  of  view  Cx  no  difficulty  arises,  but  for  unsymmetrical  objects  the 
reading  of  the  two  views  Cv  Aj  alone  may  cause  serious  blunders ;  and  whenever 
there  is  any  doubt,  the  third  view,  B1?  should  be  well  studied,  so  as  to  find  out 
the  way  in  which  the  projection  has  been  made.  For  this  method  we  have 
in  fig.  15 — 

Cj,  the  front  elevation,  obtained  by  looking  in  direction  of  arrow  Y. 

Bj,  plan,  by  looking  in  direction  of  arrow  X. 

AI}  side  elevation,  obtained  by  looking  in  direction  of  arrow  Z. 
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Method  3  (fig.  16)  is  another  variation  of  method  1.  The  projection  is 
made  exactly  as  before,  but  in  the  flat  representation  the  view  Ax  is  placed  to 
the  left  of  the  view  C1?  also  the  plan  Bj  is  placed  above  the  front  elevation  Cr 
Given  three  views,  there  can  be  no  difficulty  in  making  out  the  way  in  which 
the  projection  has  been  made ;  therefore,  as  in  fig.  16,  our  object  is  represented 
by  the  views — 

Cj,  front  elevation,  looking  in  direction  of  arrow  Y. 

Bj,  plan,  looking  in  direction  of  arrow  X. 

AI}  side  elevation,  looking  in  direction  of  arrow  Z. 


It 

'••i  t 


ti  I* 

i 


SURFACE  ^ 


METHOD  3. 


FIG.  16. 


The  advantages  claimed  for  this  method  of  projection  are,  the  two  elevations 
Aj  and  C15  which  always  contain  the  bulk  of  the  work,  are  at  the  bottom  of 
the  drawing  board,  so  that  the  general  fatigue,  due  to  bending  over  and 
stretching  to  the  top  of  a  large  board,  is  somewhat  avoided.  While  this  is  very 
desirable  from  a  draughtsman's  point  of  view,  it  leads  to  a  method  of  projec- 
tion not  common,  and  the  same  comfort  can  readily  be  obtained  by  the  wider 
use  of  adjustable  boards  and  balanced  tee  squares. 

With  the  general  practice  of  representing  simple  objects  by  two  elevations, 
the  student  should  note  that  in  all  the  three  methods  the  same  faces  are  repre- 
sented. It  is  only  the  position  of  the  views  which  has  been  altered.  Failure 
to  do  this  will  result  in  methods  2  and  3  handing  the  detail.  A  reference 
to  the  third  view  will  always  straighten  the  matter  out.  This  method  of 
projection  does  not  cause  the  same  trouble  to  the  workman  as  does  method  2. 
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Fig.  17  shows  the  arrangement  of  the  three  methods  relative  to  the 
common  intersections  OP,  OQ  of  the  three  planes  at  right  angles  on  which  the 
projections  are  made. 

These  axes,  meeting  in  O,  divide  the  angle  at  0  into  four  right  angles,  these 
being  called  respectively  the  1st,  2nd,  3rd,  and  4th  angles,  as  is  usual  in  geometry. 
We  may  speak  of  and  distinguish  the  three  methods  of  projection  as  follows : — 

Method   1,   three-angle   projection,  i.e.   views   are   drawn  in  three  of 

the  angles 

Method  2,  two-angle  projection. 
Method  3,  one-angle  projection. 


Fia.  17. 


Method  No.  4. — Refer  to  fig.  13.  In  the  three  methods  of  projection  just 
described,  whichever  way  we  have  arranged  the  views  or  projections,  we  have 
always  represented  the  same  three  faces,  A,  B,  and  C,  of  the  brick.  The  method 
we  now  consider  results  in  quite  a  different  set  of  faces  being  seen.  In 
fig.  13,  imagine  the  brick  suspended  as  before  in  space  relative  to  the  three 
surfaces  X,  Y,  and  Z.  Assume  that  these  surfaces  or  planes  are  made  of 
mirror-glass.  The  drawing  is  made  to  represent  exactly  the  images  seen  in 
these  surfaces.  Thus,  on  the  surface  Y,  instead  of  representing  the  face  C,  we 
represent  the  parallel  opposite  face,  which  lies  nearest  the  plane.  On  the  surface 
X  we  represent  the  parallel  opposite  face  to  the  face  B;  and  similarly  on 
surface  Z  we  have  the  parallel  opposite  face  to  A.  On  the  flat  developed 
representation  (refer  to  fig.  17)  we  have  three  views  occupying  the  positions 
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C1}  Bj,  and  A1(  called  front  elevation,  plan,  and  side  elevation,  exactly  as  in 
method  1 ;  but  it  must  be  carefully  remembered  it  is  the  detail  of  the  parallel 
opposite  faces  to  C,  B,  and  A  which  is  represented. 

Isometric  Projection. 

In  this  method  the  detail  under  consideration  is  represented  by  a  single 
view,  drawn  in  such  a  way  that  all  dimensions  of  length,  breadth,  and 
thickness  are  readily  shown.  The  great  advantage  is  that  a  pictorial  repre- 
sentation of  the  detail  is  obtained,  which  enables  its  exact  shape  or  form 
to  be  more  readily  grasped.  The  disadvantage  and  objection  to  the  system 
are  the  time  and  labour  necessary  to  produce  a  satisfactory  representation  of 
complicated  details.  For  simple  details  required  in  a  hurry,  or  to  be  pro- 
duced by  a  handy  man,  or  even  by  a  skilled  man,  there  is  nothing  to  compare 
with  this  method ;  whilst,  for  the  workman  to  give  expression  to  his  ideas  and 
opinions,  it  will  be  found  much  more  simple  than  the  use  of  three  views. 
Referring  to  fig.  13,  page  31,  representing  the  brick  used  to  explain  the  other 
methods  of  projection,  the  picture  view  with  faces  marked  A,  B,  C  is  really 
an  isometric  projection  of  a  standard  brick,  and  would  be  a  complete  re- 
presentation if  the  dimensions  of  length,  breadth,  and  depth  were  added. 

Metric  Projection. 

In  making  an  isometric  projection  all  lines  have  to  be  drawn  with  the  60°  set 
square.  This  requires  a  considerable  amount  of  changing  about  of  the  square. 
A  modification  is  to  make  one  set  of  lines  horizontal,  enabling  the  tee 
square  to  be  used,  the  other  set  being  drawn  by  the  set  square.  This  method 
is  mainly  used  for  the  making  of  rough  drawings  of  simple  details. 

Exercises. — Represent  in  rectangular  projection  (in  each  case  by  three 
views),  also  in  isometric  projection — 

A  cube  length  of  edge  2  inches. 

A  square  slab  3  inches  by  3  inches  by  1  inch  thick,  with  a  1  inch  square 

hole  through  the  centre. 
A  circular  slab  2  inches  diameter   by  1  inch  thick.     Refer  drawing 

No.  4A. 
A  bolt  head  and  shank — head  2  inches  square  by  \  inch  thick,  shank 

1  inch  diameter  by  4  inches  long. 


EXAMPLES   ON   RECTANGULAR  PROJECTION. 

Drawing  No.  4. 

Card  No.  1.  Parallel  Packing  (fig.  18). — Many  details  which  require 
machining  are  of  such  a  shape  that  they  cannot  be  readily  cramped  down  to 
the  machine  bed,  so  as  to  lie  rigid  and  steady.  A  packing  piece  put  between 
the  machine  bed  and  some  flat  surface  on  the  detail  enables  it  to  be  bolted 
down  firmly,  without  warping,  or  danger  of  it  springing  during  or  after  the 
machining  process.  The  packing  shown  is  of  cast-iron,  machined  true,  and 
square  on  all  the  outside  faces. 

Draw  the  three  views  shown.     Scale,  half  full  size. 

Example. — Estimate  the  volume  of  material  in  the  packing,  and  its  weight, 
given  1  cubic  inch  of  cast-iron  weighs  0'26  Ib.  An  actual  block  from  the 
above  drawing  weighs  29|  Ibs. 


FIG.  18.— Parallel  Packing  Block. 


FIG.  19.— Angle  Bracket. 


Card  No.  2.  Angle  Bracket  (fig.  19). — In  the  machining  (such  as  drilling, 
tapping,  boring,  and  facing)  of  many  details,  it  is  not  possible  conveniently  to 
bolt  them  to  the  bed  of  the  machine,  in  which  case  an  angle  bracket,  made  of 
cast-iron,  machined  true  all  over  the  outside  faces,  can,  by  means  of  the  large 
number  of  slot-holes  in  it,  be  securely  and  rigidly  bolted  to  the  machine  bed, 
and  the  detail  in  hand  bolted  up  to  it,  in  the  position  most  convenient  for  the 
machining  operation  to  be  carried  out. 

Draw  the  three  views  shown  to  a  scale  of  quarter  full  size.  Estimate  the 
volume,  and  hence  the  weight,  of  the  angle  bracket.  The  actual  bracket 
weighs  101  Ibs.,  machined  and  finished  off. 
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EXAMPLES   ON  ISOMETRIC   PROJECTION. 

Drawing  No.  4A. 

Card  No.  1.  Magnet  Pole  Piece. — This  is  shown  in  rectangular  projection, 
method  1.  It  consists  of  two  pieces  of  soft  iron,  sweated  to  two  side-pieces  of 
brass,  with  a  hole  through  the  middle.  The  whole  fits 
between  the  jaws  of  a  magnet,  and  forms  part  of  the 
magnetic  circuit  of  an  electrical  measuring  instrument 
(ammeter  or  voltmeter),  as  used  for  continuous  current. 
Set  it  out  to  a  scale  of  full  size. 

Card  No.  2  (fig.  6). — Draw  an  isometric  projection  of 
the  detail  Card  No.  1. 

From  a  point  0  draw  the  three  axes  OP,  OQ,  OR 
FIG.  20.— Magnet  Pole       equally  inclined  to  each  other,  that  is,  each  making  an 
Piece.  angle  of  120°  with  the  other  two.     Take  this  point  to 

correspond  to  the  point  A,  the  axis  OP  to  the  line  or 
edge  AB,  the  axis  OQ  to  the  line  AC,  and  OR  to  AD. 

Note. — In  making  an  isometric  drawing  in  practical  geometry  an  isometric 
scale  is  used,  thus : 

Isometric  length  =  (  ^  2  -f^/3)  x  true  length. 

For  mechanical  drawing  this  is  not  taken  into  account,  and  actual  lengths 
are  measured  off  on  the  isometric  representation. 

Fig.  a. — Shows  how  the  isometric  projection  of  a  circle  on  a  square  surface 
is  obtained.  Draw  the  diagonals  AD,  BC  of  the  square,  also  the  horizontal 
and  vertical  diameters.  Through  the  points  where  these  lines  cut  the  circle, 
draw  lines  parallel  to  AB  and  AC.  For  the  isometric  projection  draw  the  lines 
ab,  ac  from  any  point  a,  each  inclined  at  30°  to  the  horizontal.  Make  ab 
equal  to  AB  and  ac  equal  to  AC,  and  complete  the  figure  abed.  Along  a c 
mark  off  lengths  a,  0,  1,  2,  3,  4,  c,  exactly  equal  to  A,  0,  1,  2,  3,  4,  C,  and  draw 
parallels  to  ab.  Similarly,  along  ab  mark  off  corresponding  lengths  from  AB 
and  draw  parallels  to  AC.  The  intersections  give  eight  points,  joining  which 
gives  the  isometric  of  the  circle. 

Fig.  b. — Along  the  axis  OQ  mark  off  a  length  equal  to  AC,  Card  No.  1,  and 
along  axis  OP  a  length  equal  to  AB.  Complete  the  outline  of  the  top  face. 
Along  the  axis  OR  mark  off  from  O  a  length  equal  to  AD  in  Card  1,  and 
complete  the  outline  of  the  lower  face.  Draw  in  the  vertical  lines,  obtaining 
the  isometric  of  the  outline  of  the  block.  The  isometric  of  the  hole  on  the 
top  face  can  now  be  obtained  by  the  method  described  in  fig.  a. 

The  dotted  circle  representing  the  hole  through  the  bottom  face  is  an  exact 
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MECHANICAL  DRAWING. 


duplicate  of  that  for  the  top  face,  every  point  on  it  being  If  inches  below  the 
corresponding  point  on  the  top  circle,  so  that  by  dropping  perpendiculars  from 

the  top  circle,  each  If  inches  long,  it  is  readily 
obtained.  To  obtain  the  lines  showing  the  division 
between  the  brass  and  iron  pieces,  along  OP  measure 
off  corresponding  lengths  from  AB,  and  draw  parallels 
to  OQ.  Along  OQ  mark  off  corresponding  lengths 
from  AC.  Draw  lines  parallel  to  OP.  The  inter- 
sections enable  the  detail  to  be  filled  in  as  required. 

In  this  method  of  projection,  no  attempt  is  usually 
made  to  show  too  much  detail,  by  putting  in  dotted 
lines  to  represent  all  the  hidden  edges,  as  thereby 
the  production  of  the  drawing  is  hastened,  it  is  not 
so  confused,  and  yet  may  contain  all  necessary  data 
and  information. 

Card   No.   3. — The  magnet    used    in    connection 
with  the   previous   detail   is   shown   in   rectangular 
projection,  the  method  of   fixing  the   block  in  the 
magnet  being  omitted.     Set  out  to  a  scale  of  full  size. 

OFEPER.5ET.  1 
MAT*-  CAST 


FIG.  21. — Permanent  Magnet. 


'Hole 


KH.ft. 
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Card  No.  4. — Draw  in  metric  projection  the  magnet  given.  To  do  this, 
take  three  axes,  OP,  OQ,  OR,  inclined  to  each  other  as  shown  in  fig.  A,  and 
in  which  OP  and  all  lines  parallel  to  it  are  drawn  by  the  tee  square,  the  set 
square  being  used  for  OR  and  OQ  and  all  lines  parallel  to  them.  This  method 
of  projection  is  mainly  used  for  making  a  rough  hand-sketch  of  simple  details. 
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The  method  of  obtaining  the  projection  of  the  semicircular  end  is  indicated 
by  Cards  Nos.  3  and  4,  and  will  not  offer  much  difficulty.  The  dotted  lines 
representing  hidden  edges  may  with  advantage  be  omitted,  or  may  be  obtained 
by  simply  dropping  perpendiculars  from  the  top  face. 


OTF.  PER.  SET.  I. 


Before  commencing  the  drawing,  observe  that  it  will  be  advantageous  to 
divide  the  working  area  into  four  equal  cards,  so  as  to  obtain  a  neat 
arrangement  of  the  details. 


BALANCED  BALL  HANDLE. 


Drawing  No.  5. 

Card  No.  1. — During  a  machining  process,  when  the  tool  is  cutting,  there  is 
always  an  amount  of  vibration  and  jar,  which  depends  upon  the  depth  of  cut 
and  the  amount  of  support  given  to  the  material  being  acted  upon.  To  vary 

the  cut,  the  tool  is  carried  in  a  slide,  and 
adjusted  by  a  screw,  which  is  turned  by 
a  handle  or  wheel  of  some  kind.  If  this 
handle  is  not  balanced  about  the  axis  of 
the  screw,  the  jar  will  cause  it  to  turn, 
until  the  heaviest  part  is  vertically  beneath 
the  axis  of  the  screw.  Thus,  if  left  with 
the  heavy  unbalanced  part  near  the  top, 
it  would  gradually  work  down  to  the 
bottom,  and  vary  the  cut  unknown  to  the 
operator. 

Draw  full  size  the  two  views  shown, 
and  add  a  plan. 

Exam/pie. — To  show  that  the  handle  is 
balanced  about  the  centre  line  CL,  neglect 
the  centre  boss,  as  it  is  symmetrical  about 
CL.      By  definition,  force  is   that  which 
tends  to  produce  an  effect.     The  moment 
of  a  force  is  the  tendency  of  the  force  to 
produce  rotation  about  a  point,  measured 
by  the  product  of  the  force  and   the  per- 
pendicular distance  from  the  point  to  the  line  of  action  of  the  force.     If  a 
body  is  in  equilibrium,  the  moments  tending  to  turn  it  in  one  direction  are 
balanced  by  the  moments  tending  to  turn  it  in  the  opposite  direction. 

Volume  of  a  sphere  =  f  x  TT  X  radius3.  Weight  or  1  cubic  inch  of  mild 
steel  =  '28  Ib.  Dividing  the  detail  up  into  elements,  and  taking  moments,  we 
have : — 


FIG.  22.  —Balanced  Ball  Handle. 


Weight  of  ball  end  =  '625  Ib. 
„  plain  part  =  '124  „ 
„  handle  ='385  „ 
„  handle  ball  =-17  „ 
„  plain  part  =  '12  „ 


Moment  =  1  '49    inch-lbs. 

„       =   -136        „        Total,  1-626  inch-lbs. 

,,       =   '96  „ 

„       =   '425         „ 

„       =  -17          „         Total,  1-555  inch-lbs. 


The  difference  is  just  over  4  per  cent.,  which  may  be  neglected.     The  detail 
as  above  actually  weighs  1  Ib.  11  ozs.,  including,  of  course,  the  centre  boss. 
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Eocample. — Set  out  a  balanced  ball  handle  similar  to  Card  No.  1,  but  to  the 
following  dimensions.     (Make  a  calculation  as  above  to  see  if  it  is  balanced.) 

Centre  boss  1£  inches  diameter,  1  inch  across  flat  faces.     Hole  and  key 

as  in  Card  No.  1. 
Ball  end  If  inches  diameter;  centre  4£  inches  from  CL.     Plain  part 

^|  inch  down  to  W  inch. 

Handle  ball  1£  inches  aiameter ;  centre  4f  inches  from  CL. 
Handle  1^  inches  diameter,  4  inches  long,  £  inch  screwed  end. 


K)ila  SreeL 


. — The  drawing  should  be  arranged  for  two  cards,  each  10£  inches  by 
14  inches.  Card  No.  1  is  then  to  be  set  out  in  one  section,  followed  by  the 
example  and  the  calculation  in  the  other  section. 


LATHE   CARRIER. 

Drawing  No.  6. 

TAKE  the  simplest  case  of  a  mandrel  supported  between  the  lathe  centres,  and 
carrying  a  detail  the  surface  of  which  requires  turning.  To  drive  the  mandrel 
round  against  the  resistance  due  to  cutting,  a  connection  must  be  made 
between  the  mandrel  and  the  lathe  spindle.  The  face-plate  of  the  lathe 
carries  a  driving-pin,  while  on  the  end  of  the  mandrel  is 
fixed  a  lathe  dog  or  carrier  (as  shown  in  fig.  23),  the  leg 
of  which  bears  against  and  is  driven  round  by  the  face- 
plate driving-pin.  The  end  of  the  mandrel  is  clamped 
in  the  dog  by  the  hardened  point  of  the  screw  shown. 

This  carrier  is  made  of  malleable  cast-iron,  other 
materials  used  for  the  construction  being  mild  steel  drop- 
forgings,  also  steel  castings. 

Draw  to  a  scale  of  full  size  the  views  shown. 
For  future  reference,  the  details  of  the  screw  are : — 
Mild  steel  with  hardened  point  \  inch  diameter,  f  inch 
long,  screwed  f  inch  diameter  Whit,  for  2£  inches.  Head 
f  inch  long  by  f  inch  square,  with  one  -£-*  inch  diameter 
hole  through  it  for  turning  or  tommy  bar. 

Note. — The  form  of  the  curve  produced  on  the  front 
elevation  by  the  rounding  of  the  edges  should  be  obtained 
correctly  as  follows :  — 

Take    any   section   as    represented    by   the   line    X. 

Assume  the  outline  of  the  carrier  rotated  about  the  axis  AB.  The  plan  of 
this  section  is  a  full  circle,  centre  C.  A  strip  of  this  section  1  inch  wide 
only  is  used.  On  the  face  or  front  elevation  we  get  the  point  x.  Similarly 
for  the  section  Y  and  as  many  other  sections  as  taken.  To  determine  the 
limiting  points  of  the  curve,  a  and  6 : — 

(6)  Take  the  section  Z,  where  the  diameter  of  the  section  is  the  same  as 
the  width  used  in  plan.  The  circle  just  touches  the  flat  side,  and  we  get  the 
point  6  on  the  vertical  centre  line. 

(a)  The  boss,  which  is  tapped  for  the  clamping  screw,  curves  into  the  flat 
sides  as  shown  in  plan.  Take  sections  as  before.  Where  the  circle  in  plan 
cuts  the  outline  of  the  detail,  projected  upwards,  will  be  found  the  point  on 
the  curve.  Take  the  section  W  containing  the  circle  at  which  the  screw 
boss  begins  to  spread  out.  The  boss  radius  on  to  the  flat  side  leaves  this  circle 
at  a'  in  plan,  which  determines  a'  and  a"  in  elevation. 

The  curve  should  be  completed  on  the  right-hand  half  of  the  front  elevation. 
It  has  been  omitted  so  that  the  construction  of  the  outline  will  be  more  clearly 
indicated. 
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TAPER  AND   SPLIT  PINS. 


Taper  Pin  (fig.  24).  —  A  convenient  method  of  fixing  two  details  rigidly 
together  is  to  make  a  common  taper  hole  through  both  details,  and  then 
drive  in  a  pin,  the  taper  of  which  is  the  same  as  that  of  the  hole.  The  fixing 


Tc^er  \.\fj. 35. 


FIG.  24.— Taper  Pin. 

is  secure,  and  the  details  may  be  taken  apart,  and  replaced  with  ease.     The 
size  (that  is,  the  diameter  of  the  pin)  is  always  measured  at  the  thick  end. 

Taper  of  English  Standard  Taper  Pins. 


Length  in  Inches 

Up  to  14. 

1|  to  2. 

2J  to  2£. 

2{j  to  3. 

3Jto4. 

4i  to  5. 

Taper,  1  in       .     . 

30 

35 

40 

45 

50 

55 

The  standard  American  taper  for  pins  and  for  reamers  of  all  sizes  is 
1  in  48. 

Split  Pin  (fig.  25). — When  a  detail  runs  loose  on  a  shaft,  pin,  or  stud, 
without  any  great  tendency  to  travel  endways,  end  motion  is  prevented  by 


FIG.  25.— Split  Pin. 

drilling  a  parallel  hole  through  the  shaft,  and  inserting  a  split  cotter  pin  with 
the  end  opened  out.     This  prevents  the  pin  dropping  out.     The  "  cotter  pins  "  (as 
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they  are  called)  are  made  slightly  under  size,  so  as  to  fit  into  holes  drilled  of 
standard  diameters. 

Example. — Describe  the  process  of  making  a  taper  hole,  suitable  for  a 
taper  pin,  through  a  boss,  and  the  shaft  on  which  it  is  to  be  so  fixed,  so  that 
the  two  will  turn  rigidly  together. 

Example. — The  student  should,  from  his  own  notes  and  observations, 
make  out  a  table,  of  which  the  following  is  an  example,  carefully  noting  the 
class  of  work  from  which  the  observations  are  taken. 


Diameter  of   shaft   in 

inches 

ItoiV 

4  to  H. 

litolf. 

2  to  3. 

3i  to  4}. 

Diameter    of   split    or 

taper  pin  in  inches  . 

i              A 

i 

§ 

i 

Taper  Diameters. 


Taper  per  foot 

4 

1 

f 

J 

3 

1 

1J 

2 

*1 

3  inches. 

Included  angle 

0  36 

1  12 

1  47 

2  23 

3  35 

4  46 

7  09 

9  31 

11  54 

degrees 
14  15    and 
minutes. 

Taper  per  foot  is  the  reduction  in  diameter  per  foot  length.     The  included 
angle  is  the  angle  at  the  vertex  of  the  cone  formed  by  the  taper. 
The  angle  with  the  centre  line  is  half  the  included  angle. 


SECTIONS. 

Use  of  Sections. — In  making  a  drawing,  lines  which  represent  edges 
hidden  from  view  by  portions  of  the  detail  in  front  of  them  are  drawn  dotted. 
In  most  cases  this  does  not  show  with  sufficient  clearness  the  internal  arrange- 
ment of  the  detail.  We  then  assume  the  detail  cut  into  pieces  along  imaginary 
surfaces,  and,  just  as  before,  draw  the  projection  of  the  part  which  would 
remain  if  one  or  more  of  the  pieces  cut  off  by  the  imaginary  surfaces  (called 
section  planes,  the  end  view  of  these  planes  being  called  the  lines  of  section) 
were  removed  out  of  the  way. 

Sections. — Whenever  we  draw  a  sectional  representation,  we  assume  the 
surface  or  cutting  plane  actually  to  cut  through  the  material,  and  that  a  part 
or  parts  are  removed.  In  the  drawn  projection  the  most  important  lines  are 
those  actually  on  the  cutting  surface.  To  show  up  clearly  the  shape  of  the 
detail  on  the  cutting  plane,  that  is,  the  actual  material  which  would  have  to 
be  cut  through  to  part  the  solid  object  along  this  plane,  various  methods 
are  used. 

Section  Lines  (fig.  26). — Using  special  forms  to  denote  different  materials, 
the  types  of  line  used  to  represent  the  materials  in  most  common  use  are  as 
shown.  In  section  lining  a  drawing  the  following  points  should  be  noted : — 

1.  All   section    lines   should   be   drawn   in   with   the   45°  set  square, 

except  where  three  or  more  different  pieces  meet,  when  the  lines 
must  be  arranged  to  show  each  separate  part  up  in  the  clearest 
possible  way. 

2.  Lines  representing  the  section  of  the  same  piece  should  all  run  in  the 

same  direction. 

3.  Where  two  pieces  abut  on  each  other,  to  draw  the  section  lines  for 

the  second  piece  turn  the  square  over — that  is,  the  second  set  of 
lines  will  be  at  right  angles  to  the  first  set. 

4.  Do  not  crowd  the  section  lines  too  close  together,  and  do  not  draw 

them  to  run  through  or  over  dimension  lines  or  dimensions. 

This  method  has  but  a  limited  application,  the  main  objections  being: — 

1.  A  lot  of  time  can  be  wasted  drawing  in  the  fancy  and  broken  lines. 

2.  Except   for  the   common  materials,  there  is  no  uniformity  in  the 

character  of  the  lines  used  by  different  people. 

Colouring. — It  sometimes  happens  that  we  require  to  finish  off  a  drawing, 
tracing,  or  white  print,  in  which  case  the  list  of  water-colours  given  enables  the 
different  materials  used  in  the  construction  to  be  readily  picked  out.  Use  moder- 
ately dark  tints  for  sections,  and  light  washes  for  flat  surfaces.  For  sections 
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it  is  sometimes  useful  to  put  in  section  lines  before  colouring.  To  colour  a 
drawing  satisfactorily  is  a  matter  of  some  practice.  In  ordinary  engineering 
work,  the  colouring  of  prints  and  tracings  is  limited  entirely  to  drawings 
accompanying  tenders  or  estimates. 

Section  Lines. — The  most  common  and  best  method  is  to  use  a  uniform 
set  of  lines  to  denote  all  sections  (refer  to  b,  fig.  26),  and  to  stamp  beside  each 
detail  a  table  of  information  as  per  fig.  a,  fig.  26,  in  which  are  written  particulars 
by  means  of  which  the  detail  is  identified,  as  well  as  the  material  of  which 
it  is  to  be  made.  There  can  then  be  no  mistake  due  to  the  misunderstanding 
of  conventional  lines.  Instead  of  the  table  of  information  just  mentioned,  it  is 
sometimes  usual  to  give  a  detail  a  reference  number  only,  as  (7\  that  is,  a 
number  enclosed  in  a  circle  to  distinguish  it,  and  to  make  a  table  down  the  right- 
hand  side  of  the  drawing,  giving  reference  number,  name  of  detail,  material, 
pattern  number,  off  per  set,  etc.  This  is  by  far  the  best  method.  Often  this 
table  is  not  put  on  the  drawing,  but  made  up  in  the  form  of  a  standard 
requisition  sheet,  used  in  conjunction  with  the  drawing. 


VEE   BLOCK. 


Drawing   No.   7. 

To  pack  and  securely  hold  a  round  detail,  to  prevent  it  rolling  or  sliding  under 

the   action   of  the   tool   during   machining,   is 

somewhat  difficult.     A  vee  block  (fig.  27)  helps 

considerably,  and  is  useful  in  setting  out  work, 

drilling  holes  in  studs  and  round  work  generally. 

For   heavy  work,   the  job   is  laid   on  two  or 

more  blocks ;  then  clamps,  one  end  resting  on 

the  job,  the  other  on   packing  placed  on  the 

machine  bed,  hold  it  down  firmly  by  screwing 

up  the  intermediate  bolt. 

Draw  to  scale  of   full  size  the  views  in- 
dicated. Fl°-  27.— Vee  Packing  Block. 


SELCTIOci  THRO   C.D. 


SCCTlOti    THRO  AB. 


CAST 


VEE.  fc>Uck. 
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REGULATING  HAND  WHEEL. 

Drawing  No.   8. 

FOR  operating  the  sliding  tables  of  machine  tools,  and  similar  uses,  the  form 
of  hand  wheel  shown  in  fig.  28  offers  a  very  comfortable  and  ready  grip. 

Draw  to  a  scale  of  full  size  the  views  shown. 

Add  a  side  elevation  looking  in  the  direction  of  the  arrow  A. 


FIG.  28.  -  Hand  Wheel. 

Example. — Set  out  a  similar  hand  wheel,  the  outside  diameter  being  160 
millimetres,  the  total  depth  51  millimetres,  and  the  spindle  12 '5  millimetres 
diameter.  Give  similar  views,  and  complete  with  all  necessary  dimensions. 
Scale  full  size. 
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FLANGED  DRIVING  PULLEY. 

Drawing  No.  9. 

Card  No.  1. — This  shows  a  pulley  used  for  driving  an  arbor,  carrying  a 
number  of  metal-slitting  saws.  The  front  elevation  and  plan  give  all  the 
information  necessary  for  the  making  of  the  pulley,  the  section  on  AB  giving 
a  quicker  comprehension  of  the  construction  than  the  plan. 

Draw  to  a  scale  of  full  size  the  views  shown,  adding  the  outside  elevation 
required. 


foam 


Sc*\uc  fuU,  Sac 


Examples. — The  line  shaft  makes  300  revolutions  per  minute,  carries  an  8 
inches  diameter  pulley,  driving  a  16  inches  diameter  pulley  on  the  countershaft, 
a  12  inches  diameter  pulley  on  which  drives  this  5-inch  pulley.  Neglecting  all 
slip  in  the  belts — (1)  What  is  the  rim  speed  of"  the  saws  in  feet  per  minute, 
saws  being  3  inches  diameter  ?  (2)  What  is  the  linear  speed  in  feet  per  minute 
of  each  of  the  belts  in  the  drive  ?  (3)  Allow  a  maximum  tension  on  the  belt  of 
100  Ibs.  What  horse-power  will  this  1  inch  wide  belt  transmit  at  the  running 
speed  of  this  example  ? 

N.B. — A  belt  drives  a  pulley  by  friction  of  belt  on  surface  of  pulley.  There 
is  a  difference  of  tension  on  the  two  sides  of  the  belt,  tight  side  and  slack  side, 
and  the  driving  effort  is  equal  to  half  the  maximum  tension  in  the  belt,  if  we 
take  the  tension  on  the  tight  side  as  twice  that  on  the  slack  side,  which  is 
nearly  correct. 


STEAM  ENGINE  ECCENTRIC. 

Drawing  No.  9. 

Card  No.  2. — Shows  a  simple  eccentric  for  a  small  high-speed  steam 
engine.  All  the  information  required  can  be  given  on  the  front  and  side 
elevations,  but  to  give  a  more  rapid  idea  of  the  exact  form  of  the  detail  the 
front  elevation  and  the  section  are  the  projections  which  would  be  used. 

Draw  to  a  scale  of  twice  full  size  the  views  given,  and  add  a  plan  on  the 
centre  lines  indicated. 


Note. — To  get  an  automatic  steam  distribution  through  the  cylinder  of 
the  engine,  a  valve  is  moved  backwards  and  forwards  on  its  seat,  and  the 
object  of  this  detail  is  to  convert  rotary  into  reciprocating  motion.  It  is 
really  a  small  solid  crank,  the  centre  of  the  eccentric  being  the  crank  radius 
measured  from  the  crank-shaft  centre.  The  travel  of  the  valve  =  2  x  radius  of 
eccentric.  The  detail  shotln  is  called  the  eccentric  sheave,  and  its  motion  is 
transmitted  to  the  valve  by  a  rod  connected  to  a  strap,  made  in  halves  bolted 
together,  and  working  freely  over  the  rim  of  the  sheave. 
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HAND   WHEEL  FOR  STEAM   STOP-VALVE. 

Drawing  No.  10. 

To  prevent  damage,  a  steam  stop-valve  should  be  opened  slowly.  It  is 
opened  against  the  steam  pressure,  and  the  effort  required  may  be  very  great, 
depending  upon  the  diameter  of  the  valve,  steam  pressure  on  the  valve,  and 

the  friction  of  the  operating  screw  in  its  nut. 
The  hand  wheel  shown  has  its  rim  surface 
roughened  by  a  number  of  curved  slots  cut 
out  as  indicated,  enabling  it  to  be  well  gripped 
in  the  hand.  The  wheel  is  made  of  cast-iron, 
and  the  handle  of  mild  steel.  For  wheels  up  to 
and  including  8  inches  diameter  the  handle  is 
not  fitted.  The  method  of  fixing  the  wheel  to 
the  spindle  is  omitted ;  for  this  refer  to  Drawing 
No.  29. 

Draw  to  a  scale  of  full  size,  giving  two 
views  as  indicated,  and  showing  the  handle  in 
position,  hand  wheel  suitable  for  a  3  inches 
diameter  valve. 

Example. — Where  many  details  of  the  same 
type,  but  in  different  sizes,  are  made  and  used, 
they  are  standardised,  and  the  particulars  repre- 
sented by  a  table  as  shown.  In  getting  out 
such  tables,  the  agreement  of  the  numbers  can  be  readily  checked  by  plotting 
them  in  the  form  of  a  curve,  as  follows : — Draw  a  horizontal  line ;  from 
one  end  measure  off  lengths  corresponding  to  valve  diameters — 0,  1£  inches, 
1|  inches,  etc.  At  each  point  draw  a  perpendicular  line,  along  which  from 
the  horizontal  line  set  off  heights  corresponding  to  dimensions  A,  B,  C,  etc. 
Join  all  the  A  points,  all  the  B  points,  etc.  We  get  a  series  of  curves 
showing  the  relation  between  the  valve  diameter  and  the  various  dimensions 
of  the  wheel. 


FIG.  29.— Hand  Wheel. 
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RIVETS   AND  RIVETED  JOINTS. 

FOR  permanent  joints  the  most  secure  construction  is  obtained  by  using 
rivets.  Bolts  used  in  built-up  structures  subject  to  alternate  stresses  are 
always  liable  to  work  loose.  For  secure  work,  turned  bolts  and  reamed  holes 
must  be  employed,  and  the  strength  of  the  joint  depends  upon  the  shearing 
strength  of  the  bolt.  A  rivet  during  contraction  tightens  the  plates  and  holds 
them  together  by  friction.  The  rivet  must  completely  fill  the  hole,  limiting 
the  length  of  rivet  which  can  be  used  to  4  inches.  The  rivet  must  be  tight. 

Tight  rivets  are  easier  to  obtain  in  punched  than  in  reamed  or  drilled 
work,  as  the  roughness  holds  the  rivet ;  but  there  is  less  certainty  that  the 
hole  is  filled.  To  get  tight  rivets  the  work  must  be  well  bolted  together,  and 
all  burrs,  chips,  and  drillings  removed.  All  riveted  work  is  carefully  inspected 
to  secure  good  work.  The  most  common  defect  is  loose  rivets,  which  are 
detected  by  putting  the  finger,  part  on  the  rivet  head,  part  on  the  plate,  and 
striking  the  other  head  of  the  rivet  with  a  hammer  :  looseness  is  immediately 
detected.  The  rivet  head  must  be  concentric  with  the  shank  and  well  formed. 

Strength  of  Riveted  Joints. — Friction  is  a  most  important  factor.  For 
security,  the  rivet  area  subject  to  shear  is  made  as  strong  as  the  weakest 
section  of  the  plate  which  is  resisting  tearing. 

Diameter  of  rivet  =  1*2  x  A/thickness  of  plate. 

Distance  between  parallel  rows  of  rivets  =  1 '75  to  2  x  rivet  diameter.    , 

Overlap  =  1/5  X  rivet  diameter  +  £  inch. 

In  an  ordinary  lap  joint  there  is  bending  as  well  as  shearing  in  the  rivets. 
For  butt  joints,  thickness  of  single  cover-plate  =  If  X  plate  thickness;  for  double 
cover-plates,  each  =  f  x  plate  thickness. 

Pitch  of  rivets  is  usually  two  to  three  times  the  rivet  diameter  (refer  fig.  30). 


RIVETS   AND   RIVETED  JOINTS. 
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For  a  single-riveted  lap  joint  making  the  shearing  strength  of  the  rivets  equal 
to  the  tearing  area  of  the  plates  — 

Strength  to  resist  shearing  =  -^-.dz.fs. 
Strength  to  resist  tearing    =  (p  —  d)  .  t  .ft. 


Consider  fs  =ft.     From  t  the  plate  thickness  d  is  obtained,  and  hence  p,  the 
pitch. 

m,       ~,  .  effective  width  of  plate     p  —  d 

The  efficiency  of  the  iomt  =  —  -jir—  £     VJ  —  ii      =  -  --- 

width  or  solid  plate  p 

Draw  to  a  scale  of  half  full  size  the  riveted  joints  given  in  fig.  31,  and  set 
out  full  size  a  1  inch  diameter  rivet  with  (1)  round,  (2)  countersunk,  and 
(3)  cone  head. 


FIG.  31. 
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FIG. 


RIVETS  AND   RIVETED  JOINTS.  61 

Draw  to  a  scale  of  quarter  full  size  the  details  given  in  fig.  32  :  — 

1.  The  mid  section  of  a  mild-steel  girder,  50 -foot  span. 

2.  Flange  plate  joint  for  the  same  girder. 

3.  Tie  bar  joint. 

Examples — 

1.  Explain  the  different  ways  in  which  a  single-riveted  lap  joint  may 

fracture. 

2.  What  is  the  difference  between  zigzag  and  chain  riveting?     State 

the  relative  advantages  of  the  two  methods. 

3.  Describe,  with  sketches,  the  various  ways  of  jointing  up  the  segments 

or  rings  of  the  flue  tube  of  a  boiler. 

4.  Why  are  punched  holes  sub-punched,  and  then  reamed  out  to  size  ? 

5.  Sketch  the  shape  of  rivet  head  produced  by  having  (1)  too  much, 

(2)  too  little  metal  in  the  shank,  and  (3)  by  heating  the  point  of 
the  rivet  only  instead  of  uniformly  throughout. 

6.  What  methods  may  be  adopted  to  detect  loose  rivets  when  examin- 

ing girder  work  ? 

7.  Describe,  with  sketch,  a  built-up  box  girder. 

8.  A  rivet  is  made  of  Muntz  metal,  and  is  to  be  riveted  over  cold  to 

form  a  countersunk  head.  Show  the  shape  the  rivet  end  is 
turned  to,  and  give  dimensions  for  a  1  inch  diameter  rivet,  and 
assumed  countersink. 


SCREW   THREADS. 

IN  designing  or  getting  out  machinery  of  any  kind,  it  is  not  possible  to 
proceed  very  far  before  finding  out  that  some  sort  of  detail  is  required  to 
hold  the  several  parts  together.  A  screw  thread  is  an  essential  part  of  many 
of  these  details.  (Refer  to  fig.  33.) 

Take  a  round  bar  of  metal,  fixed  so  that  it  can  be  rotated  at  a  uniform 
rate  between  a  pair  of  centres.  Take  a  sharp-pointed  tool,  mounted  so  as  to 
touch  the  surface  of  this  bar,  and  so  that  it  can  be  moved  along  at  a  uniform 
rate  parallel  to  the  axis  of  the  bar. 

1.  Let  the  bar  rotate  and  the  tool  remain  fixed.     A  line  is  traced  round 

the  circumference  of  the  bar. 

2.  Let  the  bar  remain  fixed  and  the   tool   slide.     A   straight  line   is 

traced  along  the  bar. 

3.  Let  the  bar  rotate  and  the  tool  slide  at   the   same   time,  the   tool 

passing  from  A  to  B  during  the  time  the  bar  makes  one  complete 
turn.  A  line  is  traced  on  the  surface,  having  a  curved  appearance 
as  shown,  and  called  a  helix. 


FIG.  33.  — Generation  of  Screw  Thread. 
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A  construction  which  enables  the  line  obtained  to  be  drawn  is  as  follows : — 

Divide  the  circumference  in  the  end  view  of  the  bar  into  an  equal  number 
of  parts,  say  sixteen.  Divide  the  pitch  AB  into  the  same  number  of  equal 
parts.  While  the  tool  slides  from  A  to  a,  the  bar  turns  past  the  tool  from 
O  to  1.  A  projection  line  through  1,  parallel  to  the  axis, 
cuts  the  perpendicular  through  a  and  gives  one  point  on 
the  curve.  Find  other  points  on  the  curve  in  the  same  way ; 
join  all  the  points  obtained,  giving  the  helix  required. 

The  distance  AB  is  called  the  pitch  of  the  helix  or 
thread,  and  between  the  lines  AA',  BB'  we  have  one 
complete  thread. 

Standard  Screw  Threads. — So  far  a  line  only  has 
been  traced  on  the  surface  of  the  bar.  For  a  practical 
detail,  some  form  of  groove  is  required,  depending  upon 
the  use  of  the  detail.  Thus,  if  we  feed  into  the  bar  a 
tool  formed  as  shown  in  fig.  33  (a),  the  groove  obtained 
is  called  a  vee  thread;  if  as  in  fig.  33  (6),  a  square 
thread ;  and  if  as  in  fig.  33  (c),  a  buttress  thread.  The 
vee  thread  is  the  one  most  widely  used,  and  for  cheapness 
of  production,  ease  of  renewal  and  replacement,  it  is 
advantageous  to  work  to  definite  standards  giving — 

1.  Number  of  pitches  AB  in  1  inch  of  length. 

2.  The  section  or  form  of  the  groove. 

Vee  Threads  :  Whitworth  Standard. — Form  of  Groove,  Jig.  35. — The  angle 
between  the  sides  of  the  thread  is  55°.  If  the  thread  were  cut  to  a  sharp  vee 
at  the  bottom  to  give  a  sharp  top,  the  total  depth  of  the  thread  would  be 


FIG.  34.— Screw  Threads. 


FIG.  35.— Whitworth  Standard  Vee  Thread. 


0-96  x  pitch.     The  thread  is  rounded  off  top  and  bottom,  leaving  the  [depth 
=  0'64  x  pitch.     The  outside  diameter  of  the  bolt  corresponds  to  the  diameter 

1 

over  the  top  of  the  actual  thread.     The  pitch  is  -  — £— IT: j —     — : — L 

number  of  threads  per  inch 

as  given  in  the  following  table :— 
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Number  of  Threads  per  Inch :   Whitworth  Vee  Standard. 


For  Bolts. 

Gas  and  Water  Pipes. 

Hydraulic  Piping. 

Diameter. 
Inches. 

Threads 
per  inch. 

Internal 
Diameter. 
Inches. 

Threads 
per  inch. 

External 
Diameter. 
Inches. 

Internal 
Diameter. 
Inches. 

Threads 
per  inch. 

External  Dia- 
meter for  6000 
Ibs.  per  sq.  inch. 

A 

60 

t 

28 

•382 

i 

3 

48 

i 

19 

•518 

s 

* 

40 

a 

8 

19 

•656 

1 

14 

1 

A 

i 

24 
20 

1 

14 
14 

•826 
•902 

\ 

14  or  11 

1* 

A 

18 

1 

14 

1-04 

5 

14  or  11 

1J 

i 

16 

7 

14 

1-19 

A 

14 

1 

11 

1-31 

* 

11 

Is 

ft 

12 

All  sizes 

11 

All  sizes 

11 

A 

12 

above. 

above. 

i 

11 

ri 

11 

I 

10 

10 

7 

9 

For  Bolts.  —  The  list  is  continued,  advancing  by  eighths  up  to  6  inches 

If 

9 

diameter  having  2£  threads  per  inch. 

1 

8 

Number  of  square  threads  per  inch  is  half  the  number  of  vee  threads  on 

H 

7 

a  bolt  of  the  same  diameter. 

11 

7 
6 

Threaded  ends  of  steam  and  gas  pipes  tapered  f  inch  per  foot. 

1* 

6 

The  above  table  includes  all  sizes.  The  use  of  bolts  of  a  diameter  not 
usually  kept  in  stock,  such  as  \\  or  if  inch,  must  be  carefully  avoided. 
Similarly,  for  gas  threads,  the  use  of  |  inch  gas  would  probably  lead  to 
trouble.  Before  using  any  particular  size,  make  sure  that  the  material  and 
tackle  are  easily  obtainable. 

Fine  Threads. — For  bolts  subjected  to  excessive  shock  and  vibration  the 
above  list  gives  a  thread  too  coarse  for  satisfactory  use,  in  which  case  the 
number  of  threads  per  inch  for  any  diameter  is  increased,  and  we  have : — 


Diameter 

i 

A 

2 

A 

i 

A 

* 

i 

I 

1 

H 

li 

18 

1£  inches. 

Threads  per  inch     . 

25 

22 

20 

18 

16 

16 

14 

12 

11 

10 

9 

9 

8 

8. 

Bolts  above  1£  inches  diameter  are  considered  somewhat  special,  and  as  the 
small  number  of  threads  per  inch  makes  such  a  large  groove,  that  is,  cuts  away 
so  much  metal,  the  standard  list  is  departed  from,  and  all  such  bolts  threaded 
with,  say,  six  threads  per  inch. 

Vee  Threads:  British  Association  (B.A.)  Standard. — Form  of  Groove, 
fig.  36. — For  work  such  as  small  precision  machinery  and  electrical  fittings  a 
range  of  small  screws  below  ^  inch  diameter  is  required,  and  B.A.  screws  are 
used.  The  size  is  denoted  by  a  number.  The  angle  between  the  sides  of  the 
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thread  is  47'5C,  the  depth  of  the  thread  '6  by  pitch,  and  the  top  and  bottom 

1          1  /¥»  *        •*• 

rounded  off. 


FIG.  36. 


Number  of  Threads  per  Inch :  B.A.  Standard. 


Number. 

Millimetres. 

Diameter. 

Pitch. 
Mils. 

Threads 
per  inch. 

Diameter. 

Pitch. 

Mils. 

Inches,  approx. 

0 

6-0 

1-00 

236 

HFull 

39-4 

25-4 

1 

5-3 

•90 

209 

HF. 

35-4 

28'2 

2 

47 

•81 

185 

A  Bare 

31-9 

31-4 

3 

4-1 

73 

161 

AF. 

287 

34-8 

4 

3'6 

•66 

142 

A* 

26-0 

38-5 

5 

3-2 

•59 

126 

i  F. 

23-2 

43-0 

6 

2-8 

•53 

110 

AF. 

20-9 

47-9 

7 

2-5 

•48 

98 

AF. 

18-9 

52-9 

8 

2-2 

•43 

87 

AB. 

16-9 

59-1 

9 

1-9 

•39 

75 

AF. 

15-4 

61-5 

10 

17 

•35 

67 

AF. 

13'8 

72-6 

11 

11 

•31 

59 

iVB. 

12-2 

81-9 

12 

11 

•28 

51 

AF. 

11-0 

907 

13 

11 

•25 

44 

AB. 

9'8 

101 

14 

1-0 

•23 

39 

AB. 

9-1 

110 

15 

•90 

•21 

35 

AF. 

8-3 

121 

16 

79 

•19 

31 

A 

7'5 

134 

up  to  25 

To  avoid  the  large  stock  of  material  involved  by  the  use  of  all  the  above 
sizes,  firms  specify  the  use  of  particular  numbers  only,  such  as  all  even  sizes 
up  to  16. 

Vee  Threads :  Institute  of  Cycle  Engineers'  Standard — Form  of  Groove, 
jig.  37. — This  is  a  60°  thread  with  the  tops  and  bottoms  rounded  as  shown. 
The  following  table  gives  the  number  of  threads  per  inch  for  different 
diameters : — 
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Diameter. 
Inches. 

Threads 
per  inch. 

Diameter. 
Inches. 

Threads 
per  inch. 

Diameter. 
Inches. 

Threads 
per  inch. 

•056 

62 

•154 

40 

•375 

26 

•064 

62 

•175 

32 

•5625 

26 

•072 

62 

•1875 

32 

1-000 

24 

•080 

62 

•25 

26 

1-29 

24 

•092 

56 

•266 

26 

1-37 

24 

•104 

44 

•281 

26 

1-4375               24 

•125 

40 

•3125 

26 

1-5                      24 

Fi<*.  37. 


Vee  Threads:  United  States  Standard.— .Form  of  Groove,  Jig.  38.— 
Compared  with  the  Whitworth  thread,  the  great  advantage  of  this  thread  is 
the  ease  and  economy  with  which  the  angle  of  60°  can  be  obtained ;  also,  the 


UHITEB  STATES 


FIG.  38. 

top  and  bottom  of  the  thread  being  flat,  a  more  perfect  thread  can  be  cut.  On 
the  other  hand,  the  friction  and  bursting  action  on  the  nut  are  greater,  and 
the  screwed  bar  has  a  smaller  diameter  at  the  bottom  of  the  thread  than  the 
Whitworth  standard,  while  the  sharp  corners  at  the  root  of  the  thread  are  points 
of  weakness  from  which  fractures  may  start,  and  the  tops  of  the  threads  will 
more  readily  get  damaged  by  rough  usage. 
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Number  of  Threads  per  Inch :   United  State*  Standard. 


Diameter. 
Inches. 

Threads 
per  inch. 

Diameter.          Threads 
Inches.           per  inch. 

Diameter. 
Inches. 

Threads 
per  inch. 

i 

20 

i 

9 

1* 

5 

A 

18 

1                  8 

2 

4i 

i 

16 

H                        7 

2i 

«{ 

A 

14 

u        -• 

24 

H 

i 

13 

If                          6 

2f 

4 

A 

12 

H 

6 

«i 

4 

1 

11 

H 

5i 

2| 

4 

2 

10 

If               5 

The  actual  list  goes  up  to  6  inches  diameter,  with  2£  threads  per  inch.  It 
is  not  usual  to  cut  such  coarse  pitches.  If  the  limit  be  fixed  at  4  threads  per 
inch,  then  all  bars  above  2f  inches  diameter  would  be  screwed  4  threads  per 
inch,  and  denoted  as  a  fine  thread  to  show  that  it  is  not  according  to  the 
standard  list. 

Vee  Thread :  International  and  French  Standards. — To  obtain  a  universal 
standard  for  screw  threads  the  International  system  (S.I.)  has  been  suggested. 
It  is  a  modification  of  the  French  system,  and  all  dimensions  are  in  millimetres. 


Fio.  39. 


The  form  of  groove  is  shown  in  tig.  39,  the  pitch  of  the  threads  being, 
on  the  — 

Intei-national  System.  French  Standard. 


Diameter 
of  Bolt. 

Pitch. 

Dia- 
meter. 

Pitch. 

Dia- 
meter. 

Pitch. 

Dia- 
meter. 

Pitch. 

3 

0-55 

11 

1-5 

30 

3-5 

60 

5'5 

3-5 

0-55 

12 

1-75 

33 

3-5 

64 

6 

4                 '7 

14 

2 

36 

4 

68 

6 

5 

•85 

16 

2 

39        4 

72 

6-5 

6 

1-0 

18 

2'5 

42 

4'5 

76 

6-5 

7 

1-0 

20 

2'5 

45 

4-5 

80 

7-0 

8 

1-25 

22 

2'5 

48 

5 

... 

... 

9 

1-25 

24 

3-0 

52 

5 

10 

1-5 

27 

3-0 

56 

5'5 

Dia- 
meter. 

Pitch. 

Dia- 
meter. 

Pitch. 

3 

0-5 

42 

4-5 

4 

0-75 

6 

1-0 

48 

5-0 

10 

1-5 

14 

2-0 

Sizes  in  between 

18 

2'5 

have  the  same 

24 

3-0 

pitch    as    the 

30 

3-5 

next     lower 

36 

4-0 

number. 
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Representation  of  a  Screw  Thread  (tig.  40).— A  thread  is  set  out  on  a  bar 
1  inch  diameter,  the  form  of  groove  being  Whit  worth  standard  (fig.  35),  the 
number  of  threads  per  inch  eight,  the  diameter  at  the  bottom  of  the  threads 
being  0*84  inch. 


OF 


A  Sc^ev* 


FIG.  40. 


Part  (1).  —  The  groove  is  set  out  to  the  data  given  in  fig.  35.  The  lines 
corresponding  to  the  extreme  top  and  bottom  of  the  thread  are  drawn  by  the 
method  given  in  fig.  33,  noting  that  the  bottom  of  the  thread  is  indicated  by 
the  helix  traced  on  the  circle  representing  the  bottom  of  the  thread,  as  seen  in 
the  end  view. 

Part  (2).  —  Two  lines  are  drawn  corresponding  to  the  tops  and  bottoms  of 
the  thread,  and  the  pitch  is  set  out  along  both  these  lines.  A  reference  to 
fig.  33  will  show  that  the  vees  on  one  side  are  half  a  pitch  in  front  of  those 
on  the  other  side  of  the  centre  line.  The  sides  of  the  thread  are  straight  lines 
joining  the  top  of  the  thread  to  the  bottom  ;  and  instead  of  the  helix,  straight 
lines  are  drawn  joining  the  tops  of  the  vees  on  opposite  sides.  Similarly,  lines 
are  drawn  for  the  bottom  of  the  thread. 

Part  (3)  is  similar  to  Part  (2),  but  the  lines  forming  the  sides  of  the  threads 
are  left  out.  This  is  the  usual  method  of  representation.  Until  a  student  has 
obtained  some  practice,  the  lines  representing  the  depth  of  the  thread  should 
be  drawn,  and  the  pitch  set  out  accurately  before  drawing  in  the  cross  lines. 
Afterwards  lines  representing  screw  threads  may  be  drawn  in  by  eye. 

Parts  (4)  and  (5)  are  further  methods  used  to  indicate  that  a  bar  is  to  be 
screwed. 

Right-hand  Thread.  —  The  right-hand  thread  is  usually  used.  If  the  bolt  be 
taken  in  the  left  hand  and  turned  by  the  right  in  a  clockwise  direction,  it  will 


FIG.  41. 
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work  itself  inwards.  The  lines  indicating  the  threads  slope  upwards  from  left 
to  right,  as  shown  in  rig.  41. 

Left-hand  Thread. — This  is  only  used  in  special  cases.  If  treated  as  above, 
it  would  work  itself  out  of  the  hand.  The  lines  representing  the  thread  slope 
in  the  opposite  direction  to  those  representing  a  right-hand  thread,  as  shown 
in  fig.  41. 

Note. — The  right-hand  thread  is  indicated  by  the  method  shown  in  Part  (3) 
of  fig.  40,  and  the  left-hand  thread  by  the  method  shown  in  Part  (4). 

Square  Threads. — The  number  of  square  threads  per  inch  is  usually  half 
the  number  of  Whitworth  vee  threads,  for  a  bolt  of  the  same  diameter.  This 


yvrcn 


VfwTWOKTH 


FIG.  42. 


thread  is  used,  as  in  machine  tools,  for  giving  motion  and  transmitting  energy. 
The  reaction  between  the  screw  and  its  nut  is  almost  parallel  to  the  axis  of 
the  screw,  that  is,  the  force  is  practically  in  the  direction  in  which  motion  is  to 
be  produced,  and  loss  due  to  friction  is  small.  The  form  of  the  groove  makes  it 
much  weaker  than  the  vee  thread,  which  is  mainly  used  for  holding  purposes. 
Fig.  42  shows  a  standard  right-hand  square  thread  for  a  1  inch  diameter 
bar.  The  correct  representation  of  the  thread  is  obtained  by  an  application  of 


FIG.  43. 
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the  method  described  in  fig.  33,  and  as  indicated.  The  more  usual  way  of 
representing  it  is  by  means  of  straight  lines,  as  indicated  at  the  finishing  end 
of  the  thread.  Square-thread  screws  may  be  cut  either  right  or  left  hand  as 
desired.  In  some  special  cases  both  a  right-  and  a  left-hand  thread  are  cut  on 
the  same  spindle. 

Modified  Square  Thread  (fig.  43). — The  ordinary  square  thread  has  perpen- 
dicular sides,  which  make  it  difficult  to  cut.  This  section  is  stronger  than  the 
ordinary  thread.  The  nut  can  more  easily  be  adjusted  for  any  wear  taking 


FIG.  44. 


place,  and  where  a  square  thread  is  used  with  a  split  nut,  which  has  to  engage 
and  disengage  with  the  screw,  as  in  the  leading-screw  of  a  lathe,  the  sloping 
sides  of  the  thread  enable  this  to  be  done  with  greater  ease.  The  form  of  the 
thread  groove  is  as  shown  in  fig.  43,  and  the  outside  view  of  the  thread  in 
fig.  44. 

Double  Square-threaded  Screw  (fig.  45). — Very  often  an  adjusting  screw 
having  a  square  thread  is  required  to  give  a  quick  travel  to  a  sliding  piece.  If 
the  force  transmitted  is  not  great,  a  screw  of  small  diameter  has  sufficient 


FIG.  45. 
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strength.  The  quick  travel  means  a  large  pitch  (the  nut  will  travel  a 
distance  equal  to  the  pitch  for  one  revolution  of  the  screw,  if  the  nut  is  free 
to  slide,  and  the  screw  free  to  rotate  only),  and  it  is  not  possible  to  cut  the 
screw  to  the  standard  dimensions.  This  is  overcome  by  using  double-  or  even 
triple-threaded  screws.  Again,  as  a  screw  is  required  to  transmit  force  and 
motion — that  is,  energy — the  cutting  of  a  standard  square  thread  might 
reduce  the  effective  area  of  the  bar  to  an  undesirable  extent. 

Example. — A  bar  is  2*50  inches  diameter ;  area,  4'91  square  inches ;  correct 
number  of  Whitworth  vee  threads  per  inch,  4 ;  number  of  square  threads,  2 ; 
pitch  of  thread,  '5  inch ;  depth  of  thread,  -25  inch ;  diameter  of  bar  at  bottom  of 
thread,  2  inches;  area,  3'14  square  inches;  reduction  of  area,  T77  in  4*91 — 
that  is,  36  per  cent. 

In  such  a  case  the  standard  pitch  is  retained,  and  a  thread  is  cut  (tig.  45) 
of  this  pitch,  but  the  width  of  the  groove  and  the  depth  are  made  half  those  of 
a  standard  thread.  Then  in  the  thick  piece  of  metal  left  an  exactly  similar 
thread  is  cut,  but  half  a  pitch  out  with  the  first  thread.  A  double  thread  Ls 
thus  obtained,  which  gives  a  satisfactory  bearing  area  and  strength  of  thread, 
and  does  not  unduly  reduce  the  strength  of  the  bar. 


EXAMPLES   ON  SCREW  THREADS. 

Drawing  No.  11. 

MAKE  a  standard  drawing  consisting  of  four  equal  cards,  and  from  the 
data  given  on  screw  threads  set  out  the  following : — 

Card  No.  1. 

(a)  Draw  a  helix  1£  inches  pitch  on  a  bar  3  inches  diameter,  showing 
two  complete  threads.  (Refer  to  fig.  33.) 

(6)  Plot  curves  showing  the  relation  between  the  number  of  threads 
per  inch  and  the  diameter  of  the  screwed  bar  for  Whitworth, 
B.A.,  United  States,  and  International  standards  (converting  the 
dimensions  of  this  latter  one  to  inches  for  the  purpose).  Take 
a  vertical  scale  of  1  inch  =  12  threads,  and  a  horizontal  scale  of 
four  times  full  size,  i.e.  '25  inch  is  represented  by  1  inch. 

Card  No.  2. 

(a)  Set  out  full  size  the  section  of  a  Whitworth  standard  vee  thread, 

taking  a  pitch  of  2  inches. 
(6)  With  same  pitch,  set   out   a   United   States  standard   flat-topped 

vee    thread,  scale    full    size,  and    verify   that   depth   of   vee   is 

0'866  X  pitch,  the  actual   height   of  the   thread  is  0'649  X  pitch, 

and  that  the  width  of  the  flat  is  0'125  x  pitch. 

Card  No.  3. 

1.  A  standard  square  thread,  pitch  £  inch,  is  cut  in  a  bar  2*5  inches 

diameter.  Draw  three  lengths,  each  2'5  inches  long,  showing 
(a)  a  section  through  the  axis  of  the  bar;  (6)  correct  outside 
view  of  the  thread;  (c)  outside  view  of  the  thread  as  usually 
represented. 

2.  Represent  a   double  square  thread  1  inch  pitch,  cut  on  a  bar  1'5 

inches  diameter. 

Card  No.  4. 

(a)  Sketch  and  describe  a  chaser.     Explain  how  it  is  used. 

(6)  Make  a  line  diagram  showing  the  arrangement  of  a  lathe  to  cut 

a  screw  thread, 
(c)  What  is  a  centre  and  thread  gauge  ?     Give  a  sketch,  and  explain 

how  it  is  used  in  grinding  and  setting  screw-cutting  tools. 
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BOLTS  AND  NUTS. 
Whitworth  Standard  Bolts  ami  Nuts. 


Diameter  of 

A 

A 

1 

A 

i 

A 

3 

A 

i 

A 

1 

H 

i 

li 

i 

H 

1    int. 

of  nut. 

1-6 

2-4 

3-2 

4-7 

6-4 

7-9 

9-5 

ll-l 

12-7 

14-3 

15-9 

17-6 

19-0 

SO-7 

22-0 

23-9 

26*4  m/m. 

No.  of  threads 
per  inch. 

60 

48 

40 

24 

20 

18 

16 

14 

12 

12 

11 

11 

10 

10 

9 

9 

8 

Diameter  at 
bottom  of  thread. 

•041 

•087 

•093 

•134 

•186 

•241 

•295 

•346 

•393 

•466 

•608 

•671 

•622 

•684 

•733 

•796 

•840 

Area  at  bottom 
of  thread. 

•0013 

•0035 

•0067 

•014 

•027 

•045 

•068 

•094 

•121 

•163 

•202 

•256 

•303 

•367 

•422 

•496 

•564 

Nuts  across 
flats. 

A 

A 

il 

A 

83 

« 

n 

li 

if 

1A 

1A 

m 

HI 

1« 

11* 

l«t 

Hi 

Nuts  across 
corners. 

ft 

U 

IJ 

Si 

il 

H 

H 

Si 

1A 

1A 

MJ 

Hi 

li 

1« 

1« 

1H 

IH 

Diameter  of 
tapping-hole. 

A 

A 

A 

A 

A 

i 

it 

i} 

H 

H 

H 

ii 

§ 

H 

11 

H 

ii 

Thickness  of 
bolt-  head. 

A 

A 

A 

H 

A 

A 

tt 

if 

A 

i 

H 

SJ 

ii 

if 

ii 

li 

i 

Diameter  of 

U 

U 

1? 

ii 

U 

u 

11 

2 

2J 

2i 

2J 

2i 

2f 

2} 

2J 

3  ins. 

of  nut. 

28-6 

81-7 

34-9 

38-1 

41-3 

44-4 

47'6 

60-8 

53'9 

57-1 

60-3 

635 

66'7 

69-3 

73-0 

76-2  m/m. 

No.  of  threads 
per  inch. 

7 

7 

6 

6 

5 

5 

4-5 

4-6 

4-5 

4 

4 

4 

4 

3-5 

3-6 

3-5 

Diameter  at 
bottom  of  thread. 

•942 

1-07 

1-16 

1-29 

1-37 

1-49 

1-59 

1-71 

1-84 

1-93 

2-06 

2-18 

2-30 

2-38 

2-51 

2-63 

Area  at  bottom 
of  thread. 

•697 

•893 

1-06 

1-29 

1-47 

1-74 

1-99 

2-31 

266 

2-92 

3-31 

3-73 

4-17 

4-46 

4-92 

6-44 

Nuts  across 
flats. 

i«i 

2A 

2A 

2Ji 

2» 

2| 

3A 

3A 

3ii 

3«J 

31 

3H 

«A 

*A 

44 

*H 

Nuts  across 
corners. 

2A 

2*i 

*H 

2,5 

m 

3A 

3?i 

3S 

3g{ 

<A 

«u 

*i 

m 

4H 

*A 

5» 

Diameter  of 
tapping-hole. 

Si 

1A 

i** 

m 

ii 

li 

1H 

Hi 

IK 

lii 

2A 

2A 

2A 

21 

2i 

2| 

Thickness  of 
bolt-head. 

Si 

1A 

i« 

1A 

in 

111 

Ui 

U 

18J 

Hi 

2A 

2A 

«« 

2»? 

2i 

2f 

Depth  of  nut  equals  the  diameter  of  bolt 

The  detail  used  for  holding  two  or  more  pieces  together  has  a  shape  varied 
to  suit  the  purpose  for,  and  position  in,  which  it  is  to  be  used. 

Bolts. — The  common  form  of  the  detail  is  a  bar  of  metal,  with  a  head 
formed  on  one  end,  and  a  screw  thread  on  the  other  end. 

The  length  of  a  bolt  is  taken  as  the  distance  from  the  under  side  of  the 
head  to  the  end,  and  does  not  include  the  rounding. 
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The  properties  by  which  a  bolt  is  known  are :  the  shape  of  the  head,  the 
character  of  the  neck,  and  the  standard  to  which  it  is  screwed.  Thus  :— 

Fig.  46  shows  a  Whitworth  standard,  hexagon  head,  round  neck  bolt 
i  inch  diameter,  2^  inches  long,  screwed  1£  inches. 

Fig.  47  shows  a  Whitworth  standard  square  head  and  neck  bolt,  f  inch 
diameter,  If  inches  long,  screwed  £  inch. 

For  turning  a  bolt  in  a  cramped  position,  the  hexagon  or  six-sided  head 
is  convenient.  As  a  special  tool,  called  a  spanner,  is  used  for  tightening  them 
up,  it  is  essential  that  bolt-heads  should  be  of  some  standard  size  for  each  bolt 
diameter. 

Bolt-heads,  Whitworth  Standard. — 

For  a  hexagon  head  the  width  across  the  flats  j  is  given  approximately  by 

For  a  square  head  the  width  across  the  flats      }      the  rule- 
Width  w  =  diameter  of  bolt  +  half  diameter  of  bolt  +  £  of  an  inch. 
Thickness  of  bolt-head  is  equal  to  half  the  width  across  the  flats. 

This  approximate  rule  is  useful  in  drawing,  saving  as  it  does  continual 
reference  to  the  accurate  table.  At  the  same  time,  spanners  made  to  this  rule 
do  not  fit  bolt-heads  made  strictly  to  the  Whitworth  standard  list,  and  the 
discrepancy  is  the  cause  of  much  annoyance,  due  to  spanners  not  fitting  bolt- 
heads  or  nuts. 


HEXAGON  BOLT-HEADS — WHITWORTH  STANDARD. 


Bolt 
Diameter. 
Inches 

Width  across  Flats. 

Thickness  of  Bolt-head. 

Distance  across  Corners. 

Standard. 

Approx.  Rule. 

Standard.          Approx. 

Standard. 

Approx. 

& 

•212 

•219 

•055                  -110 

•245 

•250 

A 

•280 

•266 

•082                  -133 

•323 

•305 

* 

•338 

•312 

•109                  '106 

•390 

•359 

A 

•448 

•406 

•164                  '203 

•517 

•467 

4 

•525 

•500 

"219                  -25 

•606 

•575 

& 

•601 

•594 

•273                  -297 

•694 

•682 

1 

•709 

•687 

•328                   -343 

•819 

•790 

& 

•820 

•781 

•383                  '390 

•947 

•898 

\ 

•919 

•875 

•437                   -437 

1-061 

1-004 

t 

1-10 

1-062 

•547                  -531 

1-271 

1-221 

I 

rSo 

1-25 

•656                  -625 

1-502 

1-437 

I 

1-479 

1-437 

•766                  -718 

1-707 

1-656 

i 

1-67 

1  625 

•875                  -817 

1-928 

1-868 

H 

1-86 

1-81 

•984                  -905 

2-148 

2-083 

k 

2-05 

2-00 

1-094                I'OO 

2-365 

2-3 

ii 

2-21 

2-19 

1-203                1-10 

2-557 

2-515 

i* 

2-41 

2-375 

1-312                1-188 

2-787 

2-729 

6 

10-00 

9-125 

5-25                  4-562 

11-55 

10-49 

From  the  table  the  difference  between  the  actual  standard  and  the  approxi- 
mate but  useful  and  much-used  rule  is  readily  seen. 

Fig.  48. — A  hexagon  bolt-head  is  represented  011  a  drawing  by  a  three-face 
view,  as  a  two-face  view  may  easily  be  confused  with  the  representation  of 
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a  square  head.  To  prevent  a  one-face  view  of  a  square  head  being  taken  for 
a  round  head,  it  is  usually  crossed  by  diagonal  lines.  The  distance  across 
corners  of  a  hexagon  head  is  shown  in  fig.  48. 

Example. — To  set  out  correctly  the  hexagon  head  of  a  bolt  1  inch  diameter. 


FIGS.  46  and  47. 


T3  \STAHCC  RtWS 
Cor^tftS 


FIG.  48. 

Fig.  49. — We  have- 
Width  across  flats         =  T67,  say  If  £. 
Thickness  of  bolt-head  =   '875  or  £. 

Commence  with  a  centre  O,  and  draw  a  circle  Iff  inches  diameter.  Around 
this  circle,  with  the  60°  square,  construct  a  hexagon.  Draw  in  the  bolt  diameter 
dotted,  thus  completing  the  end  elevation.  For  the  side  elevation,  draw  two 
parallel  lines  indicating  thickness  of  bolt-head.  Project  the  extreme  points 
of  the  circle,  R  and  S,  giving  M  and  ~N,  the  top  of  the  nut.  With  the  45°  set 
square,  draw  the  chamfer  NT  and  MU,  the  object  of  which  is  to  remove  the 
sharp  corners.  Draw  the  projections  giving  the  side  view  of  the  face  EF. 
The  points  W  and  X  are  determined  by  joining  UT.  The  curves  formed  on 
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the  flat  sides  of  the  nut  by  the  chamfering  off  are  then  drawn  in  approximately 
by  circular  arcs  as  shown. 

Note. — The  head  is  chamfered  off  to  avoid  personal  injury  by  contact  with 
the  sharp  corners,  also  to  improve  the  appearance  of  the  work.  As  set  out 
above,  we  still  have  a  sharp  point  at  Z.  To  remove  this,  the  chamfer  is  often 
taken  off  a  little  more  than  indicated,  in  which  case  the  circle  RS  becomes  a 
construction  line  used  to  draw  in  the  hexagon  ;  the  actual  circle  representing 
the  top  would  be  less  than  RS ;  the  projection  MN  of  the  points  U,  W,  X  and 
the  circular  arcs  would  be  modified. 


FIG.  49. 

In  all  bolt-head  and  nut  projections  BJA  is  a  60°  right-angle  triangle ;  the 
base  BJ  is  half  the  length  of  the  side  AB,  that  is,  BC.  In  the  projected  side 
elevation,  each  of  the  two  outer  faces  has  a  width  equal  to  half  that  of  the 
middle  face. 

Approximate  Methods  of  setting  out  a  Bolt-head. — To  make  the  above  con- 
struction to  represent  a  bolt-head  in  every  case  would  involve  a  serious  waste 
of  time ;  hence  the  approximate  methods  shown  in  fig.  49  are  used.  These  are 
good  enough,  as  the  dimensions  of  a  bolt-head  are  not  put  on  the  actual 
drawing,  unless  they  are  something  special  and  not  standard  stock  sizes.  The 
two  methods  give : — 

1.  Width  across  corners  =      2  x  bolt  diameter.     Thickness  of  head  =  bolt  diameter. 

2.  „  „       =l'75x  „  ,„  „      = -875  x  bolt  diameter. 

For  small-size  bolts  or  nuts  either  of  these  two  approximate  rules  must  be 
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used  with  care,  or  sufficient  clearances  will  not  be  obtained, 
discrepancy  is  shown  by  the  following  table  :— 


Some  idea  of  the 


Bolt 
Diameter. 
Inches. 

Distance  across  Corners. 

From  List. 

Taken  as  2  x  d.       175  x  d. 

115(1  •&*  +  *•). 

|  or  -125 
i  ,,  '25 
4,,  '5 

•3902 
•6062 
1-0612 
1-9284 

J  or  -25 
4  „  '50 
1  inch 
2  inches 

•219 
•4375 
•875 
1-75 

36 
•575 
1-004 
1-868 

Bolt-holes. — When  dimensioning  a  hole  through  which  a  bolt  is  to  pass, 
the  actual  size  of  the  hole  required  should  be  definitely  stated.  A  mere  note, 
such  as,  "Drill  for  f-inch  bolt,"  "Core  for  f-inch  bolt,"  etc.,  is  insufficient. 
Bolts  which  are  machined  a  fit  are  called  fitting  bolts,  and  the  holes  are  drilled 
and  reamed  to  size. 

Nuts. — To  form  with  the  bolt-head  two  shoulders  between  which  the 
loose  pieces  to  be  held  together  are  clamped,  a  piece  of  metal  is  taken  and  a 
hole  drilled  or  bored  through  it,  the  diameter  of  this  hole  being  the  same  as 
the  diameter  at  the  bottom  of  the  thread  on  the  bolt.  In  this  hole  a  screw 
thread  is  cut,  of  the  same  hand,  pitch,  and  form  of  groove  as  the  thread  on  the 
bolt.  Hence  the  threads  on  the  bolt  fit  into  the  threads  in  the  nut,  and  by 
turning  either  the  bolt  or  nut,  and  holding  the  other,  the  distance  between 
the  shoulders  can  be  reduced. 

Fig.  50  shows  the  end  of  a  bolt  screwed  with  a  right-hand  thread.     The 


END. 


HCXACOH      NUT. 


FIG.  50. 
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lines  indicating  the  thread  show  the  part  on  the  front  of  the  bolt ;  at  the  back 
the  lines  representing  the  thread  will  slope  in  the  opposite  direction,  as  shown 
dotted  (also  refer  to  fig.  35).  If  we  draw  a  section  through  a  nut,  it  is  the  part 
of  the  thread  on  the  back  of  the  bolt  which  fits  into  the  grooves  left  in  the  nut ; 
and  for  a  nut  in  section,  the  lines  indicating  the  top  and  bottom  of  the  thread 
slope  in  a  direction  from  left  to  right  downwards.  To  be  able  to  turn  a  nut 
easily,  it  is  necessary  that  its  dimensions,  besides  being  sufficient  safely  to 
withstand  the  forces  or  loads  which  may  come  on  it,  be  such  that  standard 
spanners  can  be  used. 

Standard  Nuts  (Whitworth). — The  shapes  mostly  used  are  hexagon  and 
square.  The  dimensions  and  method  of  drawing  are  exactly  as  for  a  standard 
bolt-head  for  the  same  size  bolt,  with  the  exception  that — 

Thickness  of  nut  =  Bolt  diameter. 

Fig.  50  shows  three  projected  views  and  a  section  of  a  Whitworth  standard 
nut  suitable  for  a  bolt  '75  inch  diameter. 

Washers. — Bolts  and  nuts  are  usually  used  in  the  rough,  without  any 
machining  beyond  screwing  or  tapping,  and  are  spoken  of  as  black  bolts 
and  nuts. 

When  a  nut  is  screwed  up  against  a  rough,  unlevel  surface,  the  sharp 
bottom  edges  act  as  cutters,  digging  into  the  material  and  preventing  the 
nut  being  drawn  up  tight.  To  form  a  bedding  surface,  a  loose  ring  of  metal 
called  a  washer  is  put  under  the  nut  against  the  face  of  the  job.  Again,  for 
finished  work,  where  bolts  and  nuts  are  turned  and  machined  to  size,  the  nut 
would  cut  into  and  deface  the  surface.  In  this  case  a  turned  washer  is  put 
under  the  nut.  Sometimes  both  faces  of  a  nut  are  chamfered  to  remove  the 
cutting  edges,  but  this  produces  an  ugly  finish. 

Dimensions  of  Washers. 


Bolt 
diameter. 

\ 

A 

1 

A 

i 

* 

I 

I 

i 

H 

« 

1|      1£  inches. 

Washer 
diameter. 

• 

2 

I 

i 

H 

If 

it 

II 

*» 

21 

2i 
•3- 

4     H 

Thickness 
gauge. 

16 

15 

14 

13 

12 

10 

9 

8 

7 

6 

5 

5       5 

Thickness. 
Inches. 

A 

•075 

•0875 

A 

•1125 

A 

& 

155 

H 

A 

tt 

A 

TJ%         ^T 

1.  Compare  the    diameter  of   the   washer   with   the  distance,   across 

corners,  of  a  standard  hexagon  bolt-head  or  nut. 

2.  Compare  the  above  dimensions  with  the  rules — 

Diameter  of  washer  =  2'25  x  bolt  diameter. 
Thickness         „         =  ^  x     „ 

Tapped  Holes. — The  process  of  putting  a  screw  thread  inside  a  hole  is 
called  tapping.  Very  often  it  is  not  convenient  to  use  a  loose  nut  on  the  end 
of  a  bolt,  in  which  case  the  bolt  is  screwed  into  a  tapped  hole  and  is  called 
a  tap  bolt. 
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Size  of  Tap  Drills  (for  Whitworth  standard  threads). — It  will  be  noticed 
from  the  following  table  that  the  tap  drill  does  not  correspond  exactly  with 
the  diameter  at  the  bottom  of  the  thread,  being  in  nearly  all  cases  slightly 
larger.  The  difference  is  called  the  clearance,  and  may  vary  with  the  class 
of  work. 


Diameter  of 
Bolt  Screw 
or  Stud. 

Threads 
per  inch. 

Diameter 
at  Bottom 
of  Thread. 

Diameter 
of  Drill. 

Depth  of 
Drilling. 

Depth  of 
Tapping. 

i 

20 

•186 

H 

i 

1 

1 

16 

•295                        « 

5 
¥ 

i 

i 

12 

•393              H 

H 

1 

1 

11 

•508                        t{ 

i 

i! 

1 

10 

•622 

1 

H 

H 

I 

9 

•732                         H 

I  A 

1A 

1 

8 

•840 

H 

l& 

1* 

H 

7 

•942 

n           H 

1A 

u 

7 

1-067             1A                   H 

11 

ij 

6 

T286 

m          21 

if 

Studs. — For  some  positions,  such  as  cover-plates  which  must  be  removable, 
the  use  of  a  loose  bolt  and  nut  is  objectionable.  In  other  cases,  such  as  an 
internal  flange  on  a  box  or  cylinder,  the  use  of  a  loose  bolt  is  not  possible,  as 


FIG.  51. 


we  cannot  get  at  the  under  side  to  support  it.  Whenever  a  good  tight  joint 
is  necessary,  we  then  use  a  piece  of  plain  bar  screwed  at  both  ends  and  called 
a  Stud  (fig.  51).  Dimensions  of  such  are  given  in  fig.  52.  The  chamfered 
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end  is  screwed  tight  into  the  tapped  hole,  binding  itself  against  the  dead  end 
of  the  thread,  but  not  reaching  to  the  bottom  of  the  hole.  Sometimes  the  side 
of  the  stud  is  grooved  to  allow  the  air  underneath  to  escape,  to  enable  the  stud 
to  be  screwed  hard  in. 
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FIG.  53.— Table  of  Dimensions  for  Size  0, 
B.A.  Screw-heads. 
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Set  Screw. — A  set  screw  is  a  bolt  in  which  the  screwing  is  carried  right  up 
to  the  under  side  of  the  head.  The  head  may  be  standard  hexagon  or  square. 
For  a  square  head,  the  thickness  of  head  and  side  of  head  both  equal  screw 
diameter. 

B.A.  Screw  Heads  are  usually  slit  to  receive  the  screw-driver,  and  we 
have  (fig.  53)  cheese  head,  round  cheese  head,  flat  or  countersunk  head,  round 
countersunk  head,  and  button  head.  The  dimensions  for  the  heads  suitable  for 
0  B.A.  screws  are  given.  Whitworth  screws  larger  than  fa  inch  diameter 
should  not  be  arranged  for  the  use  of  a  screw- 
driver, unless  for  some  special  reason  or  purpose. 

Steady  Pins. — Whenever  two  details  which 
require  to  have  definite  relative  positions  are  held 
together  by  bolts  and  nuts,  some  definite  register 
must  be  provided,  as  there  must  always  be  a 
certain  amount  of  clearance  between  the  bolts 
and  the  bolt-holes.  When  the  details  are  in  exact 
position,  pin-holes  (usually  two  in  number)  are 
drilled  and  reamed  out.  Pins  fitting  and  driven 
tight  into  these  holes  in  both  details  are  used. 
Whenever  the  details  are  taken  apart,  it  is  easy 
to  get  them  back  to  their  proper  positions  by 
driving  in  the  steady  pins  before  tightening  up 
the  bolts. 

Fixing  of  Bolts. — When  tightening  up  a  nut 
and  bolt  it  is  necessary  to  prevent  either  one  or 
the  other  from  rotating.  In  an  open  position, 
one  spanner  on  the  bolt-head  and  one  on  the  nut 
is  sufficient.  If  the  bolt-head  is  in  a  confined 
space  which  will  not  admit  the  end  of  a  spanner, 
or  is  of  such  a  form  that  a  spanner  will  not  hold 
it,  a  square  neck  fitting  into  a  square  hole,  or 
the  head  itself  square-fitting  into  a  square  hole, 
prevents  it  from  turning.  For  finished  or  machined  work,  a  small  pin  driven 
into  a  hole  drilled  in  the  side  or  head  of  the  bolt,  and  fitting  into  a  corresponding 
recess  cut  into  the  detail  against  which  the  head  bears,  prevents  rotation. 

Locking  of  Nuts  (to  prevent  them  working  loose). — When  a  single  nut 
(fig.  55)  is  screwed  hard  down  it  retains  its  position  owing  to — 

1.  Friction  between  the  threads  in  the  nut  and  on  the  bolt. 

2.  Friction  on  the  face  against  which  it  is  screwed. 

This  friction  is  the  result  of  the  stress  produced  in  the  bolt  by  tightening 
up.  If  the  details  held  together  are  subjected  to  severe  vibration,  the  distance 
between  the  bolt-head  and  nut  may  be  increased  by — 

1.  The  bolt  stretching  under  the  shocks  falling  upon  it. 

2.  The  surfaces  held  together  bedding  down  to  each  other. 

If  this  occurs,  the  stress  producing  the  frictional  grip  is  relieved,  the  nut 
becomes  loose,  and  the  vibration  slacks  it  back. 

To  prevent  this,  and  the  serious  consequences  which  may  follow,  many 
devices  are  used. 

6 


FIG.  54.— Steady  Pin. 
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Lock-Nuts. — A  lock-nut  is  an  extra  nut  (thickness  half  to  two-thirds  that 
of  the  ordinary  nut)  put  on  the  bolt,  and  tightened  against  the  face  of  the  first 
nut,  with  the  result  that  both  nuts  are  jammed  on  the  thread  of  the  bolt,  inde- 
pendent of  any  force  exerted  on,  or  reaction  of,  the  pieces  held  together,  the 
result  being  that,  should  the  holding  pressure  be  relieved,  there  is  no  tendency 
of  the  two  nuts  to  move  on  the  bolt. 

Fig.  55. — In  screwing  up  the  nut,  the  face  A  bears  against  the  face  B,  the 
nut  reacts  on  its  bearing  surface,  and  the  bolt  is  drawn  up.  In  tightening  up 
a  lock-nut  (fig.  56),  the  face  C  is  held  and  D  turned  relative  to  it ;  the  bolt  is 
stretched  or  drawn  further  up  until  the  faces  E  and  F  are  in  hard  contact, 
as  shown.  Thus  the  whole  load  on  the  bolt  is  carried  by  the  threads  in  the 
upper  nut,  which  should  be  a  nut  of  ordinary  thickness.  The  lower  nut  serves 


FIG.  55. 


FIG.  56. 


to  jam  with  the  top  nut  on  the  threads.  Thus,  should  the  load  on  the  bolt  be  at  all 
relieved,  the  pressure  of  nut  (2)  on  its  bearing  face  will  be  relieved ;  but  the  two 
nuts  will  move  as  a  whole  with  the  bolt  end,  and  there  is  no  tendency  for  either  of 
them  to  become  loose.  The  lower  or  jam-nut  can  be  made  thinner  than  the 
ordinary  nut.  For  tightening  up,  this  necessitates  the  use  of  a  thin  or  lock-nut 
spanner,  as  the  lower  nut  must  be  held  while  the  top  nut  is  turned  to  get  them  to 
the  relative  position  indicated.  The  usual  practice,  owing  to  the  special  spanner 
difficulty,  and  for  the  sake  of  appearance,  is  to  put  the  thin  nut  on  top  of  the 
thick  nut. 

This  is  not  correct  practice,  as  all  the  load  is  carried  by  the  top  nut.  The 
efficiency  of  the  arrangement  depends  altogether  on  the  jamming  of  the  two 
nuts  on  the  bolt  thread,  and  if  this  is  done  in  a  proper  way  the  arrangement 
is  most  satisfactory.  For  important  work  two  standard  nuts  are  used. 

Spring  Washer  (fig.  57). — The  use  of  a  spring  washer  is  another  method 
adopted  to  prevent  the  nut  slacking  back.  It  consists  of  a  piece  of  tempered 
steel  coiled  to  form  a  portion  of  a  helix.  This  is  put  on  the  bolt  underneath 
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the  nut.  When  tightening  up  the  nut  the  washer  is  forced  down  flat.  Should 
any  elongation  of  the  bolt  take  place,  the  washer  springs  out,  still  jamming 
the  nut  against  the  threads  and  preventing  it  from  turning  back.  Also  the 
sharp  edges  of  the  coil  formed  by  the  splitting  dig  into  the  metal  of  the  nut 
and  the  bearing  face,  and  form  a  further  protection. 

Many  mechanical  methods  are  used  to  prevent  nuts  subjected  to  vibration 
slacking  back.     There  is  quite  a  varied  application  of  pins,  cotters,  and  locking 


FIG.  57. 


FIG.  58. — Locking  Plate  and  Star  Washer. 


plates.     The  student  should  note  the  method  adopted  in  any  work  which  may 
come  under  his  notice. 

Fig.  58  shows  one  of  the  main  bearing  bolts  of  an  engine.  The  locking 
plate  A  is  cut  out  with  two  hexagons  fitting  closely  the  sides  of  the  nut,  thus 
locking  the  nut  every  twelfth  part  of  a  turn,  and  is  held  in  position  by  the 
screw  B.  At  C  is  a  star  washer  locking  the  nut  holding  the  indicating  lever 
pin  bush  in  the  main  column. 


BOLTS  AND  NUTS. 

Drawing  No.  12. 

Card  No.  1. — From  the  dimensions  given  in  the  table,  set  out  full  size 
{and  add,  in  correct  projection,  a  view  of  the  bolt  looking  on  top  of  the  bolt- 
head,  representing  hidden  parts  by  dotted  lines)  a  bolt  of  each  type  indicated. 
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Ref.  1.  Lifting  eye  bolt :  is  fixed  permanently  into  a  machine  such  as  an 

electric  motor,  to  enable  it  to  be  readily  lifted. 
„     2.  Lifting  eye  bolt  of  cheaper  form.     Its  use  is  of  a  more  temporary 

character,  such  as  screwing  into  pieces  of  machinery,  for  lifting 

into  position  during  erection. 

„     3.  Hook  bolt,  used  for  fixing  machinery,  such  as  shafting,  to  girders. 
„     4.  Tee-head   bolt,  used  for  fixing  details  to  the  planed  bed  or  table 

of  a  machine  tool. 
„     5.  Countersunk  head  bolt  or  screw.     The  head  is  sunk  into  the  body 

of  the  detail,  and  is  used  where  a  projecting  head  on  the  surface 

is  objectionable,  as  in  fixing  a  sunk  key  in  a  shaft. 
„     6.  Cup-head  bolt,  used  to  avoid  rough  projections,  where  the  use  of  a 

hexagon  head  would  look  clumsy,  as  in  fixing  wood  to  ironwork. 

Card  No.  2. — Draw  to  a  scale  of  twice  full  size  a  f -inch  standard  Whitworth 
hexagon  nut,  with  bolt  end  to  suit.  Diameter  of  bolt,  f  inch;  diameter 
of  drilled  hole  before  tapping,  f  inch ;  number  of  threads  per  inch,  10 ;  width 
across  flats,  1'3  inches.  Refer  to  fig.  50. 

Card  No.  3.  Foundation  Bolt. — The  system  of  forces  acting  on,  or  within, 
most  machines  can  be  reduced  to  a  single  resultant  force  tending  to  produce 
motion  in  some  direction,  or  to  a  couple  tending  to  produce  rotation.  For  this 
reason  most  machines  must  be  anchored  to  a  foundation  of  sufficient  weight 
to  prevent  excessive  vibration  taking  place.  The  cotter  foundation  bolt  is 
used  for  heavy  built-up  foundations  consisting  of  top  course  of  heavy  blocks 
of  stone,  body  part  built  up  of  brick  or  concrete,  lower  courses  of  stone  blocks. 
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Holes  are  left  in  the  required  positions  for  the  bolts  by  building  in,  during 
construction,  either  square  tubes  roughly  made  in  wood  or  ordinary  rain-water 
drain-pipes.  The  bolts  are  dropped  into  position  from  the 
top  after  the  bed  has  set,  and  are  prevented  from  drawing 
out  by  the  washer  plate  and  cotter,  which  are  put  in 
from  hand-holes  constructed  in  the  bottom  courses  of  the 
foundation  bed. 

Card  No.  4. — Fig.  59  shows  a  rag  bolt  of  a  cheap  and 
satisfactory  type,  consisting  of  a  bar  screwed  at  both  ends. 
One  end  carries  the  retaining  nut  and  washer ;  the  other 
end  is  screwed  into  a  cast-iron  block,  so  that  it  jams  hard 
up  on  the  blind  thread  at  the  top  of  the  screwed  portion. 
To  fix  the  bolt  in  position  ready  to  take  the  machine, 
a  wood  frame  templet  is  constructed  from  the  drawings, 
with  the  holes  bored  in,  and  the  bolts  hung  from  it  in  their 
correct  positions.  The  concrete  foundation  is  then  rammed 
in,  and  after  it  has  set  the  wood  templet  is  removed,  and 
FIG.  59.— Rag  Bolt.  the  bolts  are  in  position  ready  for  the  machine.  The  top 
surface  of  cement  is  then  put  on,  and  the  machine  bed 
grouted  after  screwing  it  down  in  position. 

OFF  Pen  SET  .ft. 
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Examples — 

1.  What  is  meant  by  the  terms  "  taper,"  "  second,"  "  plug,"  and  "  master 

tap  '       Explain  how,  and  for  what  purpose,  each  is  used. 

2.  Sketch  (1)  an  inside  and  (2)  an  outside  chaser,  and   explain    how 

each  is  used. 
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3.  Examine,  make  sketches  and  notes  of  a  set  of  stocks  and  dies  suit- 

able for  Whitworth  thread,  sizes  £  inch  to  1  inch,  by  eighths. 

4.  Show   by   a   sketch  how  a  ratchet  drill  is  used  to  drill  holes  in 

awkward  positions. 

5.  Under  what  circumstances  is  it  necessary  to  use  a  box  spanner  ? 

6.  Make  fully  dimensioned  sketches  of  the  detail  parts  of  an  adjustable 

spanner  (monkey  wrench). 

7.  Round   nuts   are  screwed  up  by  the  aid   of  slots   round   the   rim. 

Sketch,  with  dimensions,  a  spanner  suitable  for  tightening  up 
such  nuts,  which  are  3  inches  outside  diameter. 

8.  For  lifting  masonry  into  position  a  bolt  with  a  loose  wedge,  called  a 

Lewis  bolt,  is  used.  Sketch  complete  with  lifting  eye,  and  all 
dimensions,  such  a  bolt  1  inch  diameter. 

9.  Make   a   rough   sketch   showing  the   foundation   bed   of    a    large 

stationary  engine,  and  fill  in  leading  dimensions. 

10.  In  the  bolt,  Card  No.  3,  Drawing  No.  12,  compare  (1)  the  area  of 

the  body  part  of  the  bolt  with  (2)  area  at  the  bottom  of  the 
thread  at  screwed  end ;  (3)  area  of  the  square  end  slotted  f  inch 
wide  to  take  the  cotter. 

11.  Describe,  with  sketches,  how  a  star  washer  is  used  to  prevent  a  nut 

slacking  back.  How  is  the  washer  held  in  place,  and  how  is  it 
prevented  from  rattling  ? 

12.  If  cast-iron  weighs  0'26  Ib.  per  cubic   inch,  estimate   roughly   the 

weight  of  the  cast-iron  on  the  end  of  the  detail,  Card  No.  4, 
Drawing  No.  12. 

13.  Make   a  rough  dimensioned  sketch  of   a  coach  screw,  and  explain 

its  use. 

14.  Wood   screws :    the   heads   may   be   countersunk   or    rounded,   the 

diameter  of  the  head  being  twice  the  diameter  of  the  screw,  the 
length  for  round-head  screws  being  measured  from  under  the 
head.  The  important  dimensions  are  the  gauge  and  the  length. 
Plot  a  curve  showing  the  relation  between  the  gauge  diameter 
and  the  diameter  measured  in  inches. 


Gauge. 

00 

0 

1 

2 

3            4 

5           6           7 

8 

9 

Screw  Diameter. 
Inches. 

•060 

•Ot>3 

•066 

•080 

•094       -108 

•122       '136  |    '150 

•164 

•178 

The  standard  lengths  are  from  fe  inch  to  2|  inches. 
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Drawing  No.  13. 

How  to  distribute  energy  from  the  source  of  supply  to  the  various  machines 
which  are  to  be  driven,  is  a  most  important  question,  and  many  methods 
are  adopted.  Thus  we  have  : — 

Shafting  with  belt,  rope,  or  chain  driving. 
Compressed  air,  distributed  through  pipes. 
Water  under  pressure,  distributed  through  pipes. 
Electrical  distribution,  using  cables. 

Where  many  machines  are  grouped  together,  as  in  workshop  and  factory, 
line  shafting  is  usually  employed.     A  long  shaft  is  driven  in  the  middle  or 

at  one  end,  and  drives  the  machines 
through  belts,  running  on  pulleys 
at  various  points  along  its  length. 
The  shaft  is  built  up  from  several 
lengths,  and  some  method  of  fixing 
these  lengths  together  is  required. 
Couplings  of  different  forms  are 
used.  The  essential  requirements, 
after  considerations  of  strength  have 
been  satisfied,  are: — (1)  There  shall 
be  no  projecting  parts  liable  to  catch 
a  person's  clothing — that  is,  they 
should  have  a  perfectly  smooth  ex- 
terior surface;  to  obtain  this,  rim 
flanges  are  used.  (2)  When  near 
a  pulley  carrying  a  belt,  the  plate 
shall  be  made  solid  with  the  external 
flanges,  and  the  bolt-heads  and  nuts 
sunk  into  recesses  and  tightened  up 
by  means  of  a  box  spanner,  so  that, 
should  the  belt  fall  off  the  pulley, 
there  is  no  danger  of  the  projections 
on  the  coupling  taking  hold  of  it 
and  causing  damage.  Considera- 
FIG.  60.— Line  Shaft  Coupling.  tions  of  first  cost  often  cause  these 

requirements  to  be  overlooked. 

Fig.  60  shows  the  type  of  coupling  in  which  the  projecting  bolt-heads  and 
nuts  are  not  in  any  way  protected. 
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Drawing  No.  13. — The  shafting  is  registered,  that  is,  got  into  exact  align- 
ment by  means  of  the  centering  boss  and  recess  indicated.  The  external  flange 
is  used  to  shield  or  guard  the  bolt-heads  and  nuts.  Each  half  of  the  coupling  is 


rai*  SHRFT. 


keyed  in  position  on  its  shaft  before  the  shaft  is  assembled  in  position,  and 
the  keys  are  driven  in  from  the  faces  which  butt  together.  Do  not  draw  the 
coupling  as  shown,  but— 

Draw   to  a  scale   of  half  full  size  a   similar   coupling   to   the   following 
dimensions : — 

Shaft,  4  inches  diameter.     Keys,  1£  inches  wide  X  \$  inch  thick,  half  in 

shaft,  half  in  boss. 
Each  boss  8  inches  diameter,  5£  inches  through.     Register,  5%  inches 

diameter  x  f  inch  projection.     Bolt  circle,  11  inches  diameter. 
Plate,  1|  inches  thick.     Eight  bolts,  each  £  inch  diameter. 
Each  flange  2f  inches  wide  by  |  inch  thick.    Outside  diameter,  15  inches. 

Draw  a  sectional  elevation,  an  end  view  half  looking  at  the  outside,  half 
looking  at  the  joint  face,  and  add  a  plan.     Fully  dimension  the  drawing  made. 
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The  strength  of  a  shaft  to  resist  torsion  only  is  given  by  the  formula 
Twisting  moment  —  |g  •/•  diameter3, 

where  /  is  the   stress   produced   per   unit  area  of  cross  section.     For  mild 
steel,  the  working  value  is  taken  as  10,000  Ibs.  per  square  inch. 
In  terms  of  the  horse-power,  H.P.,  transmitted, 

63,000 .  H.P.  .     ,   „ 
Twisting  moment  =  —      -^        -  mch-lbs., 

where  N  is  the  number  of  revolutions  per  minute  of  the  shaft. 

TT  63,000.  H.P. 


Thus 


N 


16x63,000' 


15.  A. 
OiAlF  Full  SIZE.. 
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From  this  we  see  that  the  power  transmitted  is  proportioned  to  the  speed 
and  the  cube  of  the  diameter. 

The  formula  enables  the  diameter  of  a  shaft  to  be  calculated,  to  transmit  a 
given  H.P.,  considering  torsion  only.  Practically,  many  other  points  have  to  be 
considered  in  fixing  the  diameter  of  a  shaft,  such  as  bending  due  to  the  weight 
of  the  shaft  itself,  pull  of  the  belts  running  from  it,  bending  due  to  the  weight 
of  the  pulleys  carried,  stiffness  to  prevent  one  end  of  the  shaft  oscillating 
relatively  to  the  other,  etc. 

Example. — Taking  /  as  10,000  Ibs.  per  square  inch,  what  diameter  of  line 
shaft  is  required  to  transmit  20  H.P.  at  300  revs,  per  minute  ? 

Using  above  formula, 


20x16x63,000 
TT  x  10,000  x  300 


=  2-13.      Diameter  =  1-28  inches. 


The  actual  shaft  (refer  to  Drawing  No.  13)  is  2  inches  diameter,  so  that,  to 
allow  for  the  considerations  given,  the  diameter  obtained  by  calculation  has 

2 
been  multiplied  by  z-^,  or  T56. 

1'Zo 

Drawing  No.  13A. — The  coupling  shown  is  used  for  connecting  a  motor 
to  a  generator,  both  mounted  on  the  same  base-plate.     The  method  of  putting 


FIG.  61. — Machine  Coupling. 

in  the  key,  then  the  half-coupling  on  the  shaft,  and  tightening  up  the  key,  is 
readily  seen. 

Draw  to  a  scale  of  half  full  size  the  section  shown,  project  an  outside  end 
elevation,  and  add  a  plan.  All  dimensions  given  are  in  millimetres. 

Eocample. — This  coupling  connects  two  shafts,  each  carried  in  two  bearings, 
each  shaft  having  a  heavy  armature  mounted  in  between.  It  transmits 
27  kilowatts  at  890  revs,  per  minute.  Show  that  a  multiplying  constant  of 
2*64  has  been  used  in  determining  the  diameter  of  the  shaft. 

1  kilowatt  =  1000  watts,  and  746  watts  =  1  H.P.,  that  is,  work  done  at  the 
rate  of  33,000  foot-lbs.  per  minute. 
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Example. — For  the  coupling,  Drawing  No.  13A,  compare  the  strength  of 
the  bolts  with  the  strength  of  the  solid  shaft,  as  regards  direct  shearing  only. 

Assuming  they  are  made  out  of  the  same  material,  and  allowing  the  same 
values  for  /,  the  working  stress  in  the  material,  we  have : 

Twisting  moment  on  shaft  =  —  .f.d3.  Also  the  moment  of  the  resistance 
offered  by  bolts  =  bolt  area  x  number  of  bolts  x/x  radius  of  bolt  circle. 

c,        ,  J.&s.N./.r     Jx202x5x/xl08 

Strength  of  bolts     4  _  _O.K 

St7ength~orshaft=     ^  f  ^     =  ^x/x  TOxTOx  70  = 

Example. — Show  that  in  the  coupling,  Drawing  No.  13,  for  direct  shear- 
ing, the  strength  of  the  bolts  is  3'5  times  the  strength  of  the  shaft. 

Drawing  No.  13B. — Split  muff  coupling :  may  be  used  when  pinched  for 
room.  If  made  solid,  since  the  key  for  either  shaft  is  driven  from  the  oppo- 
site end,  there  must  be  sufficient  end  clearance  to  drive  and  withdraw  the  keys, 
otherwise  the  coupling  is  split  as  shown.  The  coupling  may  drive  one  shaft 
from  .the  other  by  friction  alone,  or  a  key  fitting  on  the  sides  only  may  be 
used,  the  top  clearance  allowing  the  two  halves  to  be  drawn  together  to  grip 
the  shaft  tightly. 

Draw  to  full  size  the  front  elevation  shown ;  a  plan  with  the  top  half 
of  the  coupling  removed ;  an  outside  end  elevation. 

Example. — The  slots  for  the  nuts  are  cored  out  and  left  rough,  but  the 
coupling  is  otherwise  machined  all  over.  Describe  the  way  in  which  the 
machining  process  is  carried  out. 

Example. — Make  a  drawing  of  a  solid  muff  coupling,  suitable  for  connecting 
up  two  shafts  each  2  inches  diameter.  Fully  dimension,  and  indicate  clearly 
the  keyways  in  each  shaft,  and  the  direction  of  the  taper  of  the  keys. 
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FLEXIBLE   COUPLING. 


Drawing  No.  13c. 

As  in  line  shafting,  the  two  shafts  being  end  on,  one  shaft  is  driven  from 
another  by  the  solid  coupling  bolting  them  together,  and  care  is  taken  to  get 
the  axes  of  the  shafts  in  line.  In  other  cases,  such  as  a  motor  driving  a  machine 
direct,  both  have  the  axes  of  their  shafts  fixed  relative  to  their  other  parts 
by  the  bearings,  to  get  them  in  one  and  the  same  straight  line,  the  only  means 
of  adjustment  being  to  pack  the  base  of  either  on  its  foundation.  If  the  two 
machines  are  on  the  same  solid  base-plate  this  is  easy.  If  on  separate  bases 
and  connected  by  a  solid  coupling,  imperfect  alignment  will  lead  to  trouble 
and  rapid  wear  in  the  bearings.  A  continuous-current  motor  shaft  usually  has 
about  ^  inch  end  play  to  prevent  the  brushes  wearing  grooves  in  the  com- 
mutator, while  the  machine  shaft  has  practically  no  end  play.  A  flexible 
coupling  relieves  the  shafts  and  bearings  from  strains  due  to  imperfect  fixing, 
and  permits  end  play.  The  coupling  shown  consists  of  a  face-plate  key  on  the 
end  of  the  motor  shaft.  Four  pins  equally  pitched  are  forced  into  this  plate, 

the  back  ends  being  riveted  over.  A 
similar  plate  is  keyed  on  the  end  of  the 
machine  shaft,  and  carries  four  similar  pins, 
but  at  a  different  radius  from  the  centre. 
A  leather  belt  is  passed  round  the  two 
sets  of  pins,  and  the  joint  laced  up  by 
means  of  an  ordinary  belt-lace.  The  leather 
also  serves  as  an  insulation  between  the 
motor  and  the  machine,  and  in  case  of 
motor  breakdown  prevents  the  machine 
becoming  alive. 

Draw  to  a  scale  of  half  full  size  the 
two  views  shown.  Project  a  section  made 
by  the  horizontal  plane  CD,  assuming  the 
upper  half  removed  and  looking  in  the 
direction  of  the  arrow  shown. 

Example. — Show  that,  when  trans- 
mitting 30  H.P.  at  1250  revolutions  per  minute,  each  pin  on  the  driver  exerts 
a  force  of  86  Ibs.  on  the  coupling  belt. 


FIG.  62.— Flexible  Coupling. 
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UNIVERSAL  JOINT  COUPLING. 

Drawing  No.  13D. 

Fig.  63. — A  coupling  of  this  type  is  used  to  connect  and  drive  one  shaft  from 
another,  when  their  axes  intersect  and  are  inclined  to  each  other.  The  drawing 
shows  a  double  application.  The  axis  of  shaft  B  is  fixed  by  its  bearing,  but 
the  shaft  can  slide  in  or  out.  It  drives  the  sleeve  shaft,  which  in  turn  drives 
the  shaft  A.  The  arrangement  is  copied  from  a  milling  machine,  and  the 
table  with  shaft  A  can  rise  and  fall,  as  well  as  travel  crosswise. 


FIG.  63. — Universal  Joint  Coupling. 

s 

In  plan  only,  take  one  position,  shaft  B  free  to  rotate  only,  and  assume 
sleeve  shaft  rigidly  fixed  to  it.  A  rotation  of  the  sleeve  shaft  would  sweep 
out  a  cone  base  CD.  Now  introduce  the  universal  joint.  The  sleeve  can  swing 
horizontally  on  the  vertical  pins  in  the  ball,  and  vertically  on  the  horizontal 
pins.  Consider  half  a  revolution  of  shaft  B,  sleeve  shaft  solid ;  D  would  go 
to  C ;  with  joint  coupling  it  can  be  swung  back  to  D.  Consider  a  quarter- 
revolution  ;  D  is  up  at  E,  a  vertical  motion  down,  and  a  horizontal  motion 
brings  it  back  to  D. 
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Thus  the  motion  of  the  ball  on  its  pins  enables  the  sleeve  shaft  to  rotate 
and  maintain  a  fixed  position. 

Draw  plan  and  elevation  of  the  complete  connection,  details  of  the  joint 
being  given  in  Card  No.  1. 
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CLAW   COUPLING  OR   CLUTCH 


FIG.  64.  —Claw  Coupling. 


Drawing  No.  13E. 

A  CLAW  coupling  or  clutch  is  used  for  rapidly  connecting,  also  disconnecting, 
two  shafts  or  details,  particularly  when  the  change  has  to  be  often  made.     A 
face-plate  is  attached  to,  or  formed  on,  each  shaft,  and  teeth  formed  on  the  face 
of  one  engage  with  teeth  on  the  other  when 
driving.      When  not  driving,  one  is  moved 
relative  to  the  other,  until  the  teeth  come 
out  of  gear. 

The  clutch  in  this  example  is  used  in 
connection  with  a  boring  machine.  The 
horizontal  shaft  A  is  the  driven  shaft,  and 
the  double  claw  clutch  is  free  to  slide  along 
it,  but  forced  to  rotate  with  it  by  the  two 
feather  keys,  the  ends  of  which  fit  into  the 
loose  rings  indicated,  and  turn  them  with 
the  shaft. 

To  obtain  a  range  of  speeds  of  the  boring 
bar,  the  drive  consists  of  cone  pulley  and 
back  gear.  For  light  work  and  quick  speeds 

the  cone  pulley  drives  the  shaft  direct,  and  the  face  C  of  the  olaw  engages 
with  the  claw  on  the  face  of  the  pulley.  For  heavy  work  and  slower  speeds 
the  back  gear  is  used ;  the  claw  is  shipped  over  until  the  face  D  engages  with 
the  claw  on  the  face  of  the  spur-wheel. 

Draw  to  a  scale  of  full  size  the  two  views  of  the  clutch  shown,  and  add 
a  plan. 

To  facilitate  the  teeth  going  into  gear,  also  to  give  them  strength,  the  backs 
are  backed  off,  the  shape  of  the  tooth  in  side  elevation  being  obtained  thus : — 

The  distance  ab  is  divided  into  four  equal  parts ;  cd,  the  backing  off,  is 
also  divided  into  four  equal  parts.  The  intersection  of  the  projection  lines  gives 
the  form  of  the  curve  for  the  top  of  the  tooth  in  side  elevation.  The  teeth 
being  radial,  divide  gh  into  four  equal  parts ;  the  cross  projections  give  the 
form  of  the  curve  representing  the  bottom  of  the  tooth.  The  clearance 
between  the  teeth  when  in  gear  is  readily  seen  by  tracing  the  teeth  on  a  piece 
of  tracing  paper,  turning  it  over  so  as  to  show  the  two  sets  of  teeth  in  gear. 

The  middle  view  in  13E  shows  the  arrangement  of  the  claw  on  the  shaft, 
and  the  lower  view,  the  method  of  fixing  the  keys  through  which  the  claw 
drives  the  shaft,  and  of  preventing  end  motion  of  the  cone  pulley  and  spur 
wheel,  which  run  loose  on  the  shaft. 
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Example. — Refer  to  Drawing  No.  13E,  1.  The  countershaft  makes  200 
revolutions  per  minute,  and  carries  an  exactly  similar  cone  to  that  on  the 
machine.  Make  a  list  of  the  different  speeds  at  which  the  machine  main  shaft 
can  be  driven. 


Belt  on  pulley     .     . 

A. 

B. 

C. 

D. 

Without  back  gear  . 

With  back  gear  .     . 

Plot  a  curve  to  show  how  the  speed  varies  on  the  eight  drives  which  can 
be  obtained. 
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The  arrangement  of  the  shifting  gear  to  drive  the  main  shaft  from  either 
the  cone  pulley  or  through  the  back  gear  is  shown  in  Drawing  No.  13E,  2. 

Draw  to  a  scale  of  half  full  size  separate  detail  drawings  fully  dimensioned 
and  all  necessary  views  of  the  bracket,  clutch  lever,  shaft,  and  hand  lever 
with  spring  poppet. 


FIG.  65. — Application  of  Claw  Coupling. 

Example. — Make  a  drawing  to  a  scale  of  quarter  full  size  of  the  complete 
clutch  and  driving  gear,  giving  plan,  front  and  side  elevations.  For  dimensions 
not  given,  obtain  your  own,  making  them  something  definite,  and  marking 
them  off  from  the  edge  of  the  rule. 

Fig.  65  affords  some  idea  of  what  the  arrangement  is  like,  to  assist  the 
student  in  making  this  drawing. 


CLAW  COUPLING  OR  CLUTCH. 
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KEYS. 

THE  foregoing  examples  will  have  shown  the  necessity  of  an  arrangement 
for  fixing  details  which  are  to  rotate  with  a  shaft,  to  that  shaft. 

The  key  is  an  auxiliary  detail  which  transmits  the  effort  from  the  shaft  to 
the  boss  surrounding  the  shaft,  and  at  the  same  time  may  hold  the  details 
securely  together. 

The  usual  types  of  key  used  are  hollow,  flat,  and  sunk. 

Hollow-back  Key. — When  the  energy  to  be  transmitted  is  small,  or  the 
position  of  the  detail  fixed  to  the  shaft  need  not  be  permanent,  frictional  grip 
between  the  boss  and  shaft  is  relied  upon  for  the  drive.  After  the  boss  has 
been  placed  in  its  proper  position  on  the  shaft,  it  is  staked  on  tight  and  the 
necessary  grip  obtained  by  means  of  a  metal  wedge  formed  and  fitting  as 
shown  in  fig.  66. 

Flat  Key. — With  the  transmission  of  a  greater  effort,  a  more  rigid  con- 
struction is  obtained  by  making  the  key  rectangular  in  cross  section,  and 
forming  a  flat  on  the  shaft.  Here  again  the  effort  is  transmitted  largely  by 
the  frictional  grip  of  the  boss  on  the  shaft. 

Fixing  of  Keys. — When  keying  two  details  together,  it  is  usual  to  place 
them  in  their  correct  relative  positions,  and  then  drive  in  the  key.  In  confined 
positions  the  key  is  put  in  first  and  the  detail  then  driven  into  position.  To 
enable  the  key  to  be  readily  withdrawn,  a  projecting  or  gib  head  is  fitted.  A 
drawing  should  always  indicate  from  which  side  the  key  is  to  be  driven  into 
the  details. 

Sunk  Key. — For  transmitting  heavy  loads,  this  form,  which  requires  a  flat 
bottom  groove  or  slot  cutting  in  the  shaft,  is  always  used.  In  addition  to  any 
frictional  grip,  the  energy  is  transmitted  through  the  key  itself  acting  as  a 
beam  and  transmitting  the  load  from  the  shaft  to  the  wheel  boss. 

Dimensions  for  Keys. — The  load  on  a  sunk  key  tends  to  cause  it  to  fail — 

1.  By  shearing :  that  is,  the  top  half  in  the  boss  sliding  relative  to  the 

lower  half  in  the  shaft  as  viewed  in  cross  section. 

2.  By  crushing  of  the  material  either  of  the  key  or  the  shaft. 

The  theoretical  dimensions  to  make  a  key  as  strong  as  the  shaft  can  be 
calculated,  but  it  will  be  found  that  keys  are  made  to  more  or  less  empirical 
rules  obtained  as  the  result  of  experience  and  varying  with  the  class  of  work. 

The  student  should  therefore  make  out  for  future  use  tables  somewhat  as 
follows : — 

1.  Standard  square  keys  sunk  half  depth  in  shaft.  Side  of  key  in  inches 
equals  one-quarter  diameter  of  shaft  in  inches,  stock  sizes  being 
\  inch,  Yk  inch,  f  inch,  T76  inch,  \  inch,  f  inch. 
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2.  Stock  sizes  of  keys  are,  in  inches — 


Width  .    . 

* 

T\  and  f 

A 

ft 

t 

Thickness  . 

& 

A     t     A 

4    A    § 

A   i   A 

i 

Lengths  from  1  inch  to  5  inches,  advancing  by  £  inch  ;  taper, 
1  in  48. 

Examples  — 

1.  In  the  coupling,  Drawing  No.  13fi,  compare   the  strength  of  the 
key  with  the  strength  of  the  solid  shaft. 

Twisting  moment  on  shaft  =  y^  .  /  .  c£3.  Take  /  as  9000  Ibs. 
per  square  inch. 

Therefore  this  may  =  ^  .  9000  .  23  inch-lbs. 

Key  being  4  inches  long  in  shaft,  width  '625  inch:  —  Area  = 
4x-625.  Resistance  to  shearing  =  area  x/.  Take  /  as  10,000. 
This  may  =  4  x  '625  x  10,000  Ibs. 

Moment  of  this  about  centre  line  of  shaft  =  4  x  '625  x  1000  x 
1  inch  radius,  inch-lbs. 

strength  of  shaft  _      '196  x  9000  x  8  1 

~ 


strength  of  key  ~  4~x  '625  x  10,000  x  1  =  F75' 

Key  in  shear  is  If  times  the  strength  of  the  shaft  to  resist 
pure  torsion. 

2.  Describe,  with  sketches,  the  method  of  cutting  a  keyway,  suitable 

for  a  hollow  -back  key,  in  a  belt  pulley. 

3.  Explain   how   the   slot   for  a  sunk   key  is   machined   in   a   shaft. 

Sketch  the  method  of  holding  the  shaft  during  the  process,  also 
the  shape  of  the  cutting  tool  employed. 


BELT   PULLEY. 

Drawing  No.  14. 

To  connect  and  drive  one  shaft  from  another,  when  the  axes  are  parallel, 
and  some  distance  apart,  a  flexible  band,  usually  of  leather,  is  used,  running  on 
wheels  or  pulleys  mounted  one  on  each  shaft. 

To  produce  motion  of  the  driven  shaft  there  must  be  a  difference  of  pull, 
or  tension,  in  the  two  sides  of  the  belt.     We  have  the  tight  side  and  the  slack 
side.      To  enable  this  difference  of  tension  to  exist, 
there  must  be  friction  of  the  belt  on  the  pulley. 

Fig.  67. — The  pulley  consists  of  a  light  iron  rim, 
connected  to  the  hub  or  centre  boss  by  arms,  which 
may  be  straight  or  curved.  Curved  arms  are  pre- 
ferable, as  they  tend  to  eliminate  strains  which  may 
be  set  up  by  unequal  cooling  while  the  metal  is 
solidifying  in  the  sand,  after  casting. 

Draw  to  a  scale  of  quarter  full  size  the  solid  cast- 
iron  pulley  given,  adding  an  outside  end  elevation. 

To  enable  the  belt  the  better  to  retain  its  position 
on  the  pulley,  the  surface  may  be  rounded  instead 
of  being  made  flat.  Thus,  if  the  pulley  be  slightly 
coned,  the  belt,  owing  to  its  lateral  stiffness,  tends 
to  climb  to  the  highest  diameter  (see  fig.  a).  Making 
a  double  cone  and  rounding  off  the  sharp  edge  leads  to  the  curved  rim.  The 
amount  of  rounding  on  the  face  is  usually  about  £  inch  per  foot  of  width, 
but  depends  on  the  speed. 

If  the  axes  of  the  shafts  are  not  parallel,  the  belt  will  retain  its  position  on 
the  pulleys,  in  a  belt  drive,  if  the  central  plane  of  the  receiving  pulley  passes 
through  the  point  of  delivery  of  the  other  pulley. 

Examples — 

1.  A  piece  of  leather  belting  8  inches  long,  If  inches  wide,  fe  inch  thick 

weighs  43'2  grams.     Show  that  1  cubic  inch  weighs  f  oz.,  or  '039  Ib. 

2.  The  pulley,  Drawing  No.  14,  is  on  the  shaft  of  a  motor  taking  40 

amperes  at  220  volts,  and  running  at  760  revolutions  per  minute. 
Show  that  the  linear  speed  of  the  belt  is  4773  feet  per  minute, 
and  that  the  difference  of  tension  in  the  two  sides  is  81 '5  Ibs. 

3.  Sketch  and  describe  the  construction  of  a  wood  pulley ;  and  describe, 

with  sketches,  the  different  ways  of  making  the  joint  in  a  leather 
belt. 
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FIG.  67. — Cast-iron  Pulley. 
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SPLIT  BELT   PULLEY. 

Drawing  No.  14A. 

Fig.  68. — For   main  and  line  shafting  it  is  convenient  to  be  able  easily  to 
add,  remove,  or  shift  a  pulley  without  disturbing  the  shafting.     To  meet  this 
requirement  split  pulleys  are  used.     They  may  be  fixed  to  the  shaft  by  key, 
set  screws,  or  simply  tightened  up  to  grip.     To 
enable  a  stock  pulley  to  be  rapidly  used  on  any 
size  shaft,  it  is  stocked  bored  out  big,  and  then 
fitted  with  a  bush  to  suit  the  shaft. 

Draw  to  a  scale  of  half  full  size  the  pulley 
given,  showing  a  front  elevation,  outside  side 
elevation,  and  a  plan  in  section  through  the 
horizontal  centre  line. 

The  pulley  is  split,  has  a  wrought-iron  rim, 
cast-iron  arms,  and  is  bushed.  It  is  used  for 
driving  a  circular  saw. 

When  made  of  cast-iron,  pulleys  up  to  15 
inches  diameter  are  cast  in  halves  and  planed 
to  fit  together.  Above  this  diameter  they  are 
usually  split  with  cores  during  casting. 

When  used  for  driving  at  high  speeds,  as  in 
dynamo  and  saw  work,  the  pulleys  must  be 
accurately  balanced. 

When  used  in  a  drive  where  sudden  resist- 
ances are  met,  which  make  the  belt  slip  over 
the  face  of  the  pulleys,  the  driven  pulley  should  be  flanged  to  prevent  the 
belt  falling  off. 

Exa/mples — 

1.  What   are   the   advantages  obtained   by  the   use  of   wrought-iron 

pulleys  as  against  cast-iron  pulleys  ?  Under  what  circumstances 
would  a  split  pulley  be  used  ?  What  determines  whether  a 
pulley  should  be  single-armed  or  double-armed  ? 

2.  Make  a  hand  sketch,  complete  with  dimensions,  of  a  split  belt  pulley, 

with  wrought-iron  rim,  mild-steel  arms,  and  cast-iron  boss. 
Diameter,  18  inches ;  face,  6  inches ;  suitable  for  3  inches  diameter 
shaft.  Give  a  detail  sketch  shewing  the  boss,  and  the  method  of 
fixing  on  the  shaft. 
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FIG.  68.— Split  Pulley. 
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SPLIT  BELT   PULLEY.  Ill 

3.  The  24-inch  pulley,  Drawing  No.  14,  drives  a  12-inch  pulley. 
Distance  between  shaft  centres,  12  feet.  The  belt  is  3  inches 
wide,  \  inch  thick,  with  cemented  joint.  Show  that  the  maximum 
tension  in  the  belt  is  140  Ibs.,  and  T2  59  Ibs.,  if  the  relation  between 
the  tensions  in  the  two  sides  of  a  belt,  when  it  is  on  the  point  of 

slipping,  is  given  by  -*  =  &»  or   log  i^-log   T2  =  /x0   l°g  *>  and 

T2 

TX  —  T2  is  obtained  from  Example  2,  page  107. 
Where  T-,  is  the  maximum  tension. 


r2  the  minimum. 


e  is  constant  and  =  2718. 

/JL  is  the  coefficient  of  friction,  leather  on  cast-iron ;  varies 

from  '2  to  '4 ;  take  as  *28. 
0  is  the  angle  of  contact  of  belt  on  smaller  pulley  measured 

in  radians,  and  in  this  example  =  3*1. 

4.  To  calculate  the  velocity  of  the  driven  shaft,  it  is  more  accurate  to 

take  the  diameter  of  the  pulley  plus  the  belt  thickness,  instead  of 
the  pulley  diameters. 

Example. — By  using  a  speed-counter  it  is  found  that  a  pulley  18 
inches  in  diameter  makes  750  revolutions  per  minute.  A  belt  J 
inch  thick  running  on  it  drives  a  pulley  8f  inches  diameter.  When 
running  light,  that  is,  with  no  load  on  the  driven  pulley  shaft,  the 
speed-counter  shows  that  it  makes  1522  revolutions  per  minute. 
Compare  this  speed  with  that  calculated,  (1)  taking  belt  thick- 
ness into  account,  and  (2)  neglecting  belt  thickness. 

It  should  be  observed  that  motion  of  the  driven  pulley  is  lost 

(1)  by  the  belt  actually  slipping  on  the  face  of  the  pulley,  and 

(2)  by  creeping.      The  total   slip  depends  altogether  upon   the 
conditions  of  the  drive,  i.e.  belt  speed,  power  transmitted,  initial 
tension,  etc.     A  usual  allowance  is  2  to  3  per  cent. 

5.  The  power  transmitted  by  a  belt  depends  on  the  tension,  arc  of  con- 

tact, speed,  and  frictional  grip  of  belt  on  pulley.  A  belt  will  slip 
on  its  pulley  long  before  it  will  break.  To  improve  the  grip,  belt 
dressings  are  used.  As  the  belt  runs  on  the  pulley,  air  is  taken 
in  between  them,  and  acts  as  a  lubricant.  To  allow  this  to  escape 
the  pulley  rim  is  perforated,  or  holes  made  along  the  centre  line 
of  the  belt.  As  the  speed  increases  the  effect  of  centrifugal  force 
is  to  throw  the  belt  away  from  the  surface  of  the  pulley,  thus 
diminishing  the  grip.  The  speed  at  which  a  given  belt  will 
transmit  maximum  power  is  given  by 


X32-2,.  , 

feet  per  second. 


3xw 


T  is  the  maximum  allowable  stress  in  the  belt,  for  leather  break- 
ing strength,  which  is  =  4200  Ibs.  per  square  inch,  or  1050  Ibs.  per 
inch  width  for  £-inch  belting.  The  strength  of  the  laced  joint  is 
about  one-third  of  this,  or  350  Ibs.  Taking  a  working  stress  of 
one-fifth  of  this,  we  have  70  Ibs.  per  inch  of  width.  The  weight  of 
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1  foot  of  belting,  1  inch  wide,  £  inch  thick,  being  0'12  lb.,  the  speed 
for  maximum  power  is  4740  feet  per  minute.     Verify  this. 

Taking  into  account  the  bending  of  the  belt  round  the  pulley, 
which  at  high  speeds  is  very  destructive  to  the  belt,  the  average 
speed  of  leather  belting  does  not  exceed  2000  to  3000  feet  per 
minute. 

6.  Creeping  of  Belts. — Nominally,  with  a  driven  pulley  half  the 
diameter  of  the  driver,  the  driven  shaft  should  make  twice  the 
number  of  revolutions  per  minute  made  by  the  driving  shaft. 
Belts  will  not  transmit  an  accurate  velocity  ratio,  owing  to  creep- 
ing of  the  belt  on  the  surface  of  the  pulley.  Thus  a  unit  length  of 
belt  in  an  unstrained  condition  will,  owing  to  elasticity,  have  a 

,,    /.,  tension       \     ,  .  ,      „ 

length  ( 1 H —  ,  ,      )  when  running,  and  will  vary  on  the 

\       area  x  modulus/ 

tight  and  slack  sides. 

The  velocity  of  the  belt  entering  the  driving  pulley  is  equal  to 
that  of  the  pulley,  so  that  the  belt,  passing  from  the  tight  to  the 
slack  side,  contracts,  and  does  this  even  against  the  motion  of  the 
pulley. 

The  driven  pulley  has  a  velocity  equal  to  that  of  the  slack  side 
of  the  belt,  which  in  passing  over  the  pulley  expands  against  the 
motion  of  the  pulley,  and  work  is  lost  in  both  cases,  causing  heat- 
ing of  the  belt. 

Roughly,  therefore, 


Revs,  of  driven  shaft  =  Revs,  of  driving  shaft  x  ~.     ^  V1"*  *„* 

dia.  or  driven  pulley. 

To  take  into  account  creeping  due  to  the  elasticity  of  the  belt, 
this  result  would  have  to  be  multiplied  by 

min.  tension 
area  x  modulus 

max.  tension 
area  x  modulus 

Example. — Show  that  the  effect  of  this  in  the  foregoing  example  is 
only  £  per  cent.,  taking  the  modulus  of  elasticity  for  leather 
belting  as  25,000  Ibs.  per  square  inch. 


ROPE   PULLEY. 

Drawing  No.  15. 

As  the  amount  of  energy  to  be  transmitted  increases,  the  use  of  single  leather 

belting   becomes   more   and   more  objectionable,  owing  to  the  great  weight, 

dimensions,  cost,  and  liability  to  failure  of  the  belt  required.     To  meet  the 

difficulty  two  thicknesses  of  single  belting  are  stitched  together,  forming  a  double 

belt,  or  another  belt  is  run  on  top  of  the  one  already  running  on  the  pulleys. 

Woven  belting  may  be  used,  and   has 

the  advantages  of  reduced  weight  and 

greater  flexibility;  but  where  the  rate 

at  which  energy  has  to  be  transmitted 

between  centres  some  distance  apart  is 

considerable,  rope-driving  is  used.    This 

form  of  driving  is  also  convenient  where 

the  driven  pulley  is  awkwardly  placed 

relative  to  the  driver,  the  rope  being  led 

to  and  from  it  by  simple  guide  pulleys. 

With  a  number  of  ropes  on  a  pulley, 
each  rope  is  usually  complete  in  itself, 
the  joint  being  made  by  a  splice  not 
less  than  50  rope  diameters  long,  and 
each  rope  is  looked  upon  as  trans- 
mitting its  proportional  part  of  the  total 
power. 

The  rope  drives  by  wedging  in  the 
groove,  and  to  increase  the  arc  of  con- 
tact the  lower  side  of  the  drive  should 
be  the  tight  side. 

Fig.  69. — The  pulley  shown  is  split 
in  the  directions  indicated  by  means  of 
cores,  and  is  held  together  by  bolts 
passing  through  cored  holes. 

Draw  to  a  scale  of  quarter  full  size,  an  outside  front  elevation,  and  a  side 
elevation  as  a  section  through  the  vertical  centre  line. 

To  a  scale  of  full  size,  details  of  the  rim  section,  the  boss,  and  the  rim 
joints. 

Example. — The  pulley  is  on  a  shaft  making  300  revs,  per  minute.     What 
is  the  linear  speed  of  the  rope  in  feet  per  minute  ? 


FIG.  69.— Single  Rope  Pulley. 
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MULTIPLE   ROPE   PULLEY. 

Draiving  No.  15  A. 

THE  size  of  a  driving  rope  is  given  either  by  its  diameter  or  its  circumference. 
The  size  of  rope  used  varies  from  i  inch  to  2  inches  diameter.  The  form  of  the 
groove  is  most  important  ;  such  a  groove  for  a  f  inch  diameter  rope  is  given. 
The  pulley  shown  is  made  in  halves,  with  planed  joint,  and  is  gripped  and 
keyed  on  the  shaft.  Instead  of  arms,  the  rim  is  connected  to  the  boss  by  a 
plate,  which  is  lightened  by  having  circular  holes  with  rounded  edges  cast  in. 
Draw  to  a  scale  of  full  size  — 

A  section  of  the  rim,  indicating  the  joint  flanges  by  dotted  lines. 
An  end  view  of  the  joint. 

A  plan  looking  at  the  inside  of  the  rim  joint,  showing  the  bolts   in 
position. 

Examples  — 

1.  What  is  the  linear  speed  of  the  rope  in  feet  per  minute,  the  pulley 

making  170  revolutions  per  minute  ?     (3470.) 

2.  Five  ropes  on  the  left-hand  side  together  drive  a  dynamo  giving 

200  amperes  at  100  volts.  The  efficiency  of  the  dynamo  being 
90  per  cent.,  what  is  the  effective  working  tension  in  each  rope 
(n—  r2)?  (56-6  Ibs.) 

3.  The  shaft  of  this  dynamo  is  11  feet  centres  with  the  main  shaft,  and 

it  makes  650  revs,  per  minute.  What  is  the  diameter  of  the  rope 
circle  of  its  pulley  ?  (21  inches.) 

4.  When  the  rope  is  just  on  the  point  of  slipping,  which  is  determined 

by  the  initial  tension,  which  equals  ^p2-  the  relation  between 

the  tension  in  the  tight  side,  TV  and  the  tension  in  the  slack  side, 
x2,  of  the  drive  is  given  by 


where  /u.  is  the  coefficient  of  friction,  say  '28,  6  is  the  angle 
of  contact  of  the  rope  on  the  smaller  pulley,  in  this  example 
=  2'7  radians  ;  0  is  the  angle  of  the  groove,  usually  45°. 

From  this,  show  that  the  maximum  stress  in  each  of  the  f-inch 
ropes  is  66*25  Ibs.,  or  in  Ibs.  per  square  inch  is  150. 
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5.  The  centrifugal  effect  as  the  rope  passes  over  the  pulley  is  to  reduce 

the  driving  grip.  The  tension  produced  in  the  rope  due  to  centri- 
fugal force  is 

iuv^ 
T  =.         Ibs.  per  square  inch. 

iv  =  weight  per  foot  of  rope,  say  1  square  inch  area  =  427  Ib. ;  hence 
show  that  in  the  example  T  =  28  Ibs.  per  square  inch. 

6.  The  total  maximum  stress  in  the  rope  is  that  due  to  driving  plus 

that  due  to  centrifugal  effect.  The  breaking  strength  of  a 
cotton  rope  being  7000  Ibs.  per  square  inch  of  area,  show  that 
the  working  stress  is  ^  of  the  breaking  stress. 

7.  The  speed  at  which  a  rope  will  transmit  maximum  power  is  shown 

by  making  a  table  for  velocities  from  3000  to  6000  feet  per 
minute. 


Velocity  of 
belt.     Feet 
per  second. 

(1) 

wv2 

T  —  

9 
(2) 

Max. 
working 
stress  -  T. 

(3) 

Rate  at  which 
energy  is 
transmitted  is 
proportional  to 
(l)x(3). 

Mark  the 
velocity  for 
which  energy 
is  a  maximum. 

Take  a  maximum  stress  in  the  material  of  the  rope  of  175  Ibs. 
per  square  inch.  The  result  is  more  easily  obtained  from  the 
formula 


v  =  A/ T0  V  feet  per  second. 
v     3w 

Taking  r  as  175  Ibs.  per  square  inch,  and  w  '27  Ib.,  we  have 
v  =  5000  feet  per  minute. 

This  does  not  take  into  account  the  depreciation  of  the  ropes 
due  to  bending  round  the  pulley,  allowing  for  which  the  usual 
rope  speed  is  about  4000  feet  per  minute. 


COUNTERSHAFT   FOR  HALF-INCH    SENSITIVE    DRILL. 

Drawing  No.  16. 

INDIVIDUAL  machines  are  driven  from  the  main  shaft,  through  a  countershaft 
which  usually  carries  a  fast  and  a  loose  pulley,  and  strap  fork  arrangement, 
making  the  stopping  and  starting  of  the  machine  independent  of  the  main 
shaft  and  other  machines.  In  many  cases  the  countershaft  carries  a  cone  or 
multiple-pulley  arrangement,  enabling  different  speeds  to  be  obtained  for  the 
machine  spindle. 

Fig.  72  is  a  line  arrangement  showing  the  way  in  which  the  above  drilling 
machine  is  driven.  The  line  shaft  makes  300  revolutions  per  minute,  carries  a 
pulley  12  inches  diameter,  2£  inches  face,  which  by  means  of  a  If  inches  wide 
single  leather  belt  drives  a  pulley  7f  inches  diameter,  2£  inches  face,  on  the 
main  countershaft.  An  8  inches  diameter,  4|  inches  face  pulley  on  this  counter- 
shaft, by  means  of  a  1|  inches  wide  single  leather  belt,  drives  either  the  fast 
or  loose  pulley  on  the  machine  or  foot  countershaft,  which  carries  the  strap- 
shifting  arrangement.  The  foot  countershaft  carries  a  cone-pulley,  which  drives 
a  second  three-speed  cone-pulley  carried  or  running  loose  on  a  stud  spindle. 
On  this  cone-pulley  boss  is  keyed  a  6  inches  diameter  plain  pulley,  from  which 
a  1|  inches  wide  link  leather  belt,  running  over  guide  pulleys,  drives  the 
drill  spindle  pulley,  which  is  3|  inches  diameter.  To  follow  out  the  conditions 
of  belt-driving  for  shafts  the  axes  of  which  are  not  parallel,  consider  A  as  driver 
for  C,  C  as  driver  for  B,  B  for  D,  and  D  as  driver  for  A. 

Foot  Countershaft. — Drawings  numbered  16,  16  A,  16B,  and  16c  show  the 
general  arrangement  and  details,  while  the  general  idea  is  given  by  fig.  70 
and  fig.  71. 


FIG.  70.— Foot  Countershaft. 


FIG.  71. — Foot  Countershaft. 
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FIG.  72. — Diagrammatic  Sketch  showing  Driving  and  Drill  Spindle. 
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Draiv,  in  all  cases  to  a  scale  of  three-quarters  full  size — 

1.  Separate  cards  giving  each  detail  complete,  with  all  necessary  views 

and  dimensions,  numbering  the  drawings  16A,  16fi,  16c. 

2.  A  general  arrangement,  Drawing  No.  1C,  showing — 

(a)  An  elevation  with  the  bracket  and  pulleys  in  section,  along 
a  plane  represented  by  the  centre  line  ab  in  plan. 

(6)  A  plan  as  shown. 

(c)  An  end  elevation  in  correct  projection  looking  in  the 
direction  of  the  arrow  Y. 

The  countershaft  is  on  the  floor  level.  For  stopping  and  starting  the 
machine,  i.e.  the  drill  spindle,  the  serrated  foot-lever  is  rocked  over  by  means 
of  the  foot,  leaving  the  hands  free  for  feeding  the  drill  and  operating  the  job. 

To  be  satisfactory,  a  strap  fork  arrangement  must  not  allow  the  strap  to 
creep  along  from  the  loose  to  the  fast  pulley  when  the  machine  is  at  rest ; 
that  is,  the  strap  fork  gear  must  have  definite  stable  positions  for  the  belt  on 
either  of  the  pulleys.  The  strap  fork  operates  on  that  side  of  the  belt  which 
is  approaching  the  driven  pulley. 

Examples — 

1.  Make  a  table  showing  the  linear  speed  in  feet  per  minute  of  each 

belt  shown  in  the  arrangement  fig.  72. 

2.  From  the  size  of  pulleys  given,  calculate  the  revolutions  per  minute 

which  each  shaft  and  the  drill  spindle  ought  to  make,  neglecting 
loss  of  motion  due  to  creeping  and  slip  of  the  belts,  the  main  shaft 
making  300  revolutions  per  minute. 

3.  The  actual  speeds  measured  being :  main  shaft,  300 ;  main  counter- 

shaft, 445 ;  foot  countershaft,  684 ;  drill  spindle,  minimum  530, 
middle  1003,  maximum  1775  revolutions  per  minute, — verify  the 
percentage  difference  between  the  calculated  and  obtained  speeds 
of  the  drill  spindle. 

The  above  measured  speeds  are  with  the  drill  running  free. 
Thus,  when  drilling  a  |  inch  diameter  hole  in  soft  cast-iron,  the 
speed  of  the  drill  spindle  on  the  minimum  speed  is  474  revolu- 
tions per  minute,  as  against  530  when  running  free. 

4.  The  machine  drills  a  f  inch  diameter  hole  through  soft  cast-iron,  and 

makes  474  revolutions  per  minute.  What  is  the  periphery  velocity 
of  the  drill  in  feet  per  minute  ? 

5.  The  drill  goes  through  £  inch,  drilling  the  above  hole,  in  31  seconds. 

How  many  revolutions  does  the  drill  make  per  1  inch  of  drill 
feed? 

6.  What  is  the  usual  periphery  drill  velocity  when  drilling  mild  steel, 

cast-iron,  and  gun-metal  ?  How  many  revolutions  of  drill  per  inch 
of  feed  is  usually  reckoned  on  ? 

7.  Sketch,  and  describe  how  a  speed-counter  is  used  to  obtain  the  speed 

of  a  shaft  when  the  end  is  free  and  accessible,  also  how  the  speed 
of  a  pulley  is  obtained  in  revolutions  per  minute  when  the  pulley 
runs  loose  on  a  stud  or  spindle.  This  method  also  applies  to  a 
shaft  the  ends  of  which  are  inaccessible. 
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SOLID   BEARING. 

Drawing  No.  17. 

THE  simplest  form  of  bearing  for  a  rotating  shaft  consists  of  a  hole  bored 
through  a  boss  in  the  machine  framing.  This  is  useful  and  rigid,  when  the 
shaft  and  its  details  can  be  assembled,  but  it  does  not  allow  of  adjustment 
during  erection,  or  renewal  after  wear.  The  bearing  given  is  bolted  to  the 
framing  and  is  bushed  with  gun-metal.  The  bush  is  forced  into  the  casting, 
and  prevented  from  rotating  by  the  two  grub-screws. 

Draw  to  a  scale  of  three-quarters  full  size,  the  views  given,  adding  the  fixing 
bolts,  and  drawing  the  sectional  plan  in  correct  projection. 

Examples — 

1.  The  bush  is  usually  spoken  of  as  "  the  brass  bush  "  :  carefully  note 

that  it  is  made  of  gun-metal.  What  is  the  difference  between 
gun-metal  as  used  for  a  bearing,  and  brass  as  used  for  details 
which  have  to  be  non-corrosive,  non-magnetic,  or  are  to  have  a 
good  appearance  ? 

2.  What  value  of  metal  is  there  in  each  Ib.  of  alloy,  given  the  following 

compositions  and  prices  ? 


Composition  by  Parts. 

Prices  of  Metal  per  Ton. 

Alloy. 

Copper. 

Tin. 

Zinc. 

Antimony. 

Copper.         Tin.          Zinc. 

1                j 

Antimony. 

Gun-metal 

88 

10 

2 

1 
£                £              £ 

£ 

Brass  .     . 

62 

1 

37 

56              125            18 

33 

White  metal  . 

3-7           89-1 

7'4 

Lubrication. — The  most  important  point  in  connection  with  a  bearing  is 
its  lubrication.  When  one  body  moves  relative  to  another  resistance  is  ex- 
perienced, work  is  done,  and  mechanical  energy  is  converted  into  heat  energy. 
The  resistance  is  known  as  friction,  and  a  large  percentage  of  the  power  which 
should  be  transmitted  can  easily  be  dissipated  by  frictional  losses  in  the  bear- 
ings. The  effort  required  to  move  one  body  relative  to  another  depends  upon 
the  conditions  existing  between  the  two  contact  surfaces.  Thus  we  may  have 
two  metal  surfaces  in  more  or  less  good  contact,  or  the  two  surfaces  may  be 
separated  by  a  film  of  air,  or  a  film  of  oil.  To  get  one  detail  in  motion  rela- 
tive to  the  other,  there  is  a  resistance  called  the  friction  of  rest  to  be  over- 
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come ;  when  in  motion,  the  resistance  to  be  overcome  to  keep  them  in  relative 
motion  is  called  the  friction  of  motion,  and  is  less  than  that  of  rest. 

The  lubrication  of  a  shaft  in  its  bearing  is  by  means  of  a  film  of  oil 
between  the  shaft  carrying  the  load  and  the  bearing  supporting  it.  The  shaft 
being  at  rest,  the  film  of  oil  is  squeezed  out,  and  we  have  metal  on  metal.  On 
starting  up,  metal  rubs  on  metal,  and  abrasion  takes  place.  With  a  supply  of 
oil  ready,  a  film  between  the  surface  is  rapidly  formed  by  the  surface  of  the 
shaft  pulling  in  the  oil.  One  side  of  this  film  adheres  to  the  shaft,  and  the 
other  to  the  bearing,  and  as  the  shaft  turns  this  film  is  continuously  sheared. 
Energy  to  do  this  is  taken  from  that  transmitted  and  reappears  as  heat, 
thinning  the  lubricant  and  reducing  the  thickness  of  the  oil  film.  For  per- 
fect lubrication  the  oil  film  must  be  continuous,  for  immediately  it  gets  broken 
there  is,  if  it  cannot  re-form,  metal  rubbing  dry  on  metal,  the  softer  bearing 
grinding  away,  heat  generated  faster  than  it  can  be  radiated  or  conducted, 
temperature  rising,  and  finally  the  shaft  sticking  to  the  bearing.  This  is 
called  seizing,  and  is  due  to  the  metal  of  the  bearing  alloying  with  the  metal 
of  the  shaft. 


SPLIT   CAST-IRON  BEARING. 

Drawing  No.  17 A. 

WITH  perfect  lubrication  there  is  always  a  film  of  oil  between  the  shaft 
and  bearing,  and  the  friction  is  then  entirely  due  to  the  viscosity  of  the  lubri- 
cant, and  independent  of  the  nature  of  the  surfaces.  If,  however,  metal  rubs 
on  metal,  the  friction  depends  upon  the  load,  and  the  character  of  the  surfaces. 
For  efficient  lubrication  the  pressure  per  square  inch  of  projected  area  should 
not  exceed  300  Ibs.  for  a  mild-steel  shaft  in  a  cast-iron  bearing.  To  prevent 
excessive  wear  due  to  rubbing,  the  length  of  the  bearing  is  usually  three  times 
the  shaft  diameter  for  rigid  bearings,  and  four  times  for  swivel  bearings. 


FIG.  73.  —Split  Bearing. 

Draw  to  a  scale  of  full  size  the  three  views  as  given,  stating  exactly 
what  each  view  represents.  Indicate  by  red  lines  the  parts  which  would  be 
machined. 

Note. — Projected  area  =  length  x  diameter  of  bearing. 

Examples — 

1.  Explain  how  the  relative  values  of  oils  for  .  lubricating  purposes  are 

usually  decided. 

2.  Describe  how  the  comparative  viscosities  of  lubricating  oils  may  be 

determined. 
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PEDESTAL  OR   PLUMMER   BLOCK. 

Drawing  No.  17B. 

GIVEN  an  isometric  representation  of  the  separate  parts-  making  up  the 
pedestal. 

Draw  to  a  scale  of  full  size,  in  rectangular  projection,  a  side  elevation, 
half  in  outside  view,  half  in  section  along  the  centre  line  ;  an  end  elevation  ; 
and  a  plan  showing  the  details  assembled  and  fully  dimensioned. 

Example.  —  -Explain  the  process  of  machining,  boring,  and  fitting  the 
brasses,  i.e.  the  gun-metal  steps,  into  the  pedestal  casting. 

With  a  bearing  made  of  softer  material  than  the  shaft,  when  the  metals 
rub  together  dry,  instead  of  one  grinding  the  other  away  by  abrasion,  the 
tendency  is  for  the  softer  to  be  burnished  down.  Hence  the  maximum  work- 
ing pressure  of  a  mild-steel  shaft  working  on  gun-metal  may  reach  400  Ibs.  per 
square  inch  of  projected  area.  As  the  tendency  to  wear  is  less  and  the 
renewal  easier,  the  length  of  bearing  for  a  pedestal  is  from  T5  to  2  times  the 
diameter. 

Friction.  —  The  effort  required  to  keep  one  body  moving  relative  to  another 
is  a  fractional  part  of  the  reaction  between  the  contact  surfaces,  denoted  by  /UL, 
and  called  the  coefficient  of  friction.  The  value  of  /u.  to  suit  any  given  con- 
ditions is  determined  experimentally,  thus  :  — 

For  metal  sliding  on  metal,  surfaces  dry         .  ^  =  '15. 

„       surfaces  well  lubricated  .         .         .  /u.  =  '07  to  '08. 

For  journal  bearings,  surfaces  dry  .         .         .  /m  =  '18. 

„          surfaces  intermittently  lubricated  /m  =  '07  to  '08. 

„          surfaces  continuously  lubricated  .  /UL  =  '03  to  '05. 

A  value  of  /j.  better  representing  modern  conditions  is  that  obtained  from 
Mr  Tower's  experiments  :  — 


For  surfaces  lubricated  with  an  oil-bath  .     ^  =  '27  Jv-^p. 

„  „  with  syphon  lubrication  /u.  =  2'6  +p. 

„  „          with  an  oil-pad  .     yu  =  '015. 

v  =  velocity  of  sliding  surface  in  feet  per  second. 

p  =  total  load  in  Ibs.  -7-  length  x  diameter  of  bearing  in  inches. 

For  ordinary  work  the  friction  is  assumed  independent  of  the  velocity  and 
proportional  to  the  load,  /u.  being  taken  as  equal  to  0'05. 
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MOTOR   END   BEARING. 

Drawings  No.  I7c  and  I7c  1. 

Is  a  type  largely  used,  one  at  either  end  of  the  stator  case  to  carry  the 
rotor.  The  hard  brass  brush  is  held  in  position  by  the  grub-screw ;  the  shaft 
is  lubricated  by  the  hard  brass  ring,  hung  on,  and  driven  round  by  the  shaft, 
running  in  the  oil-well,  and  carrying  oil  up  to  the  top  side  of  the  shaft.  To 
indicate  the  oil- level  in  the  well,  a  nipple  with  coned  end  is  screwed  into  the 
boss ;  a  copper  pipe  carrying  the  glass  which  shows  the  oil  level  has  one  end 


FIG.  74. — Motor  End  Bearing. 

expanded  to  tit  against  this  cone,  and  is  drawn  tight  up  to  it  by  the  union  nut ; 
the  joint  is  made  oil-tight  by  the  mild-steel  washer,  bearing  faces  slightly 
rounded,  bearing  against  the  nut,  and  the  flanged  end  of  the  pipe. 

Draw  to  a  scale  of  three-eighths  full  size  the  views  shown,  drawing  in  the 
whole  of  the  end  cover. 

Fig.  74  gives  an  idea  of  the  arrangement. 

White  Metal. — The  friction  in  a  bearing  depends  upon  the  composition 
and  structure  of  the  alloy,  and  the  harder  the  metals  in  contact  the  lower  the 
coefficient  of  friction,  but  the  greater  the  tendency  towards  heating  owing  to 
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the  want  of  plasticity.  Thus,  for  mild  steel  running  on  white  metal  the 
pressure  may  rise  to  500  Ibs.  per  square  inch  of  projected  area  without  undue 
heating.  With  a  soft  bearing  metal  the  bearing  must  be  sufficiently  long  to 
support  the  load  without  deformation.  White  metal  does  not  cut  the  journal, 
but  should  the  temperature  of  the  bearing  get  fairly  high  owing  to  want  of 
lubrication,  the  white  metal  melts,  and  tends  to  act  as  a  lubricant,  whereas  a 
harder  metal  would  seize  on  to  the  shaft.  For  high  speeds  white  metal  should 
always  be  used,  and  for  split  bearings  the  cap  bolts  should  be  locked. 

There  are  many  compositions  of  white  metal,  from  true  Babbitt's  metal  to 
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simple  lead-antimony  alloys.  A  typical  composition  is :  55  parts  of  tin,  18  parts 
of  antimony,  24  parts  of  lead,  and  3  parts  of  copper.  The  use  of  lead  makes 
the  metal  cheaper,  and  more  easily  melted  and  machined. 

Example. — Explain  how  a  bearing  is  lined  or  re-lined  with  white  metal, 
noting  how  to  prevent  the  metal  sticking  to  the  shaft  or  mandrel  by  the  use 
of  French  chalk  or  oiled  paper,  how  to  prevent  spluttering  when  pouring  by 
warming  up  the  castings  until  they  stop  sweating,  and  that  the  metal  must  be 
melted  slowly  and  well  stirred  before  pouring. 

With  good  white  metal  and  complete  lubrication,  the  coefficient  of  friction 
fj.  is  reduced  to  '003  with  a  shaft  surface  speed  of  5  feet  per  second. 

Fitting  of  Shaft  and  Bearing. — The  accuracy  of  the  fit  of  a  bearing  to  its 
shaft  depends  upon  the  time  and  skill  expended  upon  bedding  the  bearing. 
The  radius  of  the  bearing  being  greater  than  the  radius  of  the  shaft,  with 
a  continuous  oil  film  the  nearest  point  of  contact  is  roughly  at  an  angle  of 
40  degrees  with  the  vertical  centre  line,  on  the  off  side  of  the  bearing,  for  a 
bearing  carrying  a  vertical  load.  If  perfectly  fitted,  the  shaft,  on  first  running, 
would  grind  out  the  bearing  until  these  conditions  obtained.  Usually  working 
fits  allowing  given  variations  are  adopted.  The  shaft  may  have  an  exact 
diameter  or  may  be  under.  The  hole  must  at  least  be  larger  than  the  exact 
shaft  diameter,  but  must  not  exceed  a  certain  diameter.  The  allowances  vary 
with  the  class  of  work.  Thus,  we  have  tables  similar  to  following : — 


Shaft  Diameter. 

Maximum. 

1 

2 

3 

4 

5 

6  inches 

Minimum. 

•00175 

•0025 

•003 

•0035 

•00375 

•004      un.der 
maximum. 

Hole  Diameter. 

Minimum. 

1-00175 

2-0025 

3-003 

4-0035 

5-00375 

6-004 

Maximum. 

1-0035 

2-005 

3-006 

4-007 

5-0075 

6-008 

Limit  Gauges. — Explain,  with  sketches,  the  use  of  limit  gauges  in  checking 
the  maximum  and  minimum  diameter  of  details  which  are  to  work  together. 

Journals  are  necked  for  the  purpose  of  keeping  the  shaft  in  its  place,  and 
preventing  great  oil  leakage  from  the  free  ends  of  the  brass.  The  student 
should,  from  his  own  observations,  make  a  table  similar  to  the  following, 
showing  the  relation  between  the  shaft  diameter  and  the  radii  of  the  neck. 


Diameter  of  Shaft  or  Pin 

1-lf 

2-3$ 

3J-5J 

6-9£ 

10  inches. 

Radius  of  Shaft  or  Pin    . 

i 

i 

I 

i 

|  inch. 

Radius  of  Bearing  . 

A 

I 

i 

* 

|  inch. 

FOOTSTEP   BEARING. 

Drawing  No.  17D. 

ENERGY  is  often  transmitted  from  one  floor-level  to  another  by  means  of 
a  vertical  shaft.  To  carry  the  weight  of  this  shaft  at  its  lower  end  becomes 
an  important  matter,  and  some  form  of  footstep  bearing  is  required.  The 
greatest  difficulty  is  that  of  keeping  the  bearing  sufficiently  well  lubricated  to 
prevent  heating.  In  the  example,  the  footstep  casting  of  cast-iron  supports  the 
gun-metal  bush,  which  is  fixed  in  position,  and  prevented  from  rotating  by  the 
set  screw.  The  end  of  the  shaft  is  rounded,  and  bears  on  the  phosphor-bronze 
disc,  which  is  prevented  from  rotating  by  the  steel  pin.  The  bearing  is 
lubricated  by  the  spring  of  the  Stauffer  lubricator  forcing  out  the  grease  into 
the  bearing,  the  outlet  being  regulated  by  the  small  screw  shown.  The 
footstep  is  supported  on  a  hardwood  packing,  and  is  adjustable  on  the  sole- 
plate  by  the  four  screws  indicated,  the  sole-plate  being  held  down  to  its 
foundation  by  short  rag  bolts  of  the  type  indicated  in  Drawing  No.  12, 
Card  No.  4 

Draw  to  a  scale  of  half  full  size,  finishing  off  completely  as  a  general 
arrangement,  the  three  views  shown. 

Examples — 

1.  Make  detail   drawings  fully  dimensioned  of  all  the  details  in  the 

above  drawing. 

2.  The  total  weight  of  the  above  shaft  and  its  accessories,  all  carried  by 

the  pivot  shown,  is  1550  Ibs.     What  is  this,  expressed  in  Ibs.  per 
square  inch  of  bearing  area  ? 

3.  The  shaft  makes  300  revolutions  per  minute.     What  is  the  speed  in 

feet  per  minute  on  a  circle  two-thirds  the  pivot  diameter  ? 

4.  Make  a  sketch  of  a  footstep  bearing  in  which  the  disc  or  discs  can 

be  renewed  without  moving  the  shaft. 
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BALL  BEARINGS. 

A  BODY  may  move  relative  to  another  either  by  sliding  or  by  rolling,  and 
we  have  sliding  friction  and  rolling  friction.  The  resistance  to  motion  is  very 
much  reduced  when  rollers  are  put  between  the  moving  surfaces.  The  rollers 
may  be  long  cylinders  (roller  bearings)  or  spheres  (ball  bearings).  If  a  hard 
disc  of  metal  truly  machined  be  rolled  along  a  machined  plate  of  metal,  on 
making  one  complete  revolution  the  disc  does  not  travel  a  distance  equal  to 
its  circumference,  as  there  is  a  certain  amount  of  slip,  due  to  the  disc  indenting 
the  surface.  The  slip  becomes  smaller  as  the  diameter  of  the  disc  increases. 
Lubrication  of  roller  and  ball  bearings  is  necessary,  and  a  heavy  grease  is 
better  than  oil. 

The  three  types  of  ball  bearing  are :  Radial,  carrying  a  load  perpendicular 
to  the  axis ;  Thrust,  carrying  a  load  parallel  to  the  axis ;  and  Angular,  the 
load  being  at  an  angle  to  the  shaft  axis,  and  is  taken  as  the  resultant  of  a 
radial  and  a  thrust  load. 

Drawing  No.  17E. 

Thrust  Ball  Bearing,  as  applied  to  a  steam  engine  governor,  is  shown. 
The  object  of  the  governor  being  to  regulate  and  keep  the  speed  of  the  engine 
constant  as  the  load  varies,  its  regulation  is  seriously  affected  by  friction  at 
the  joints  and  on  the  moving  parts.  The  up-and-down  motion  due  to  change 
of  speed  is  transmitted  to  the  end  of  the  lever  operating  the  throttle  valve 
through  the  bearing  given. 

Draw  to  a  scale  of  full  size  a  sectional  elevation,  an  outside  elevation,  and 
a  plan. 

For  a  thrust  bearing  the  loading  capacity  is  proportional  to  the  square  of 
the  ball  diameter,  and  depends  greatly  upon  the  speed.  Thus  a  bearing  suitable 
for  the  end  of  the  shaft,  Drawing  No.  I7o,  3  inches  diameter,  has  ten  balls, 
each  1  inch  diameter.  The  crushing  load  of  one  ball  is  140,000  Ibs.,  and 
the  maximum  safe  working  load,  i.e.  that  for  a  bearing  just  or  occasionally 
turning,  is  21,100  Ibs.  per  ball.  As  the  speed  rises  the  working  load  diminishes. 


Revolutions  per 
minute. 

Just  turning. 

50 

100 

150 

200 

300 

500 

750 

1000 

1500 

Working  load,  Ibs. 

21,100 

9400 

6700 

5500 

4700 

3760 

3000 

2400 

2100 

1700 

A  grooved  race  carries  more  than  a  straight  race.     With  the  balls  in  a  cage — 
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that  is,  using  guide-rings — if  the  pressure  becomes  excessive,  the  balls  exert  a 
pressure  outwards  on  these  rings.  Care  must  be  taken  that  the  cage  floats  on 
the  balls,  and  does  not  rub  on  the  shaft  or  discs. 


fb^fflltuftlttliite. 

\ 
A 


RADIAL  BALL  BEARING. 

ANOTHER  type  of  ball  bearing  is  that  carrying  a  load  perpendicular  to  the 
shaft  axis,  and  called  a  journal  or  radial  bearing.  It  is  shown  in  fig.  75. 
The  speed  does  not  affect  the  load-carrying  capacity  in  this  type,  but  dust  and 
dirt  must  be  kept  out  by  fixing  suitable  grease-rings  or  leather  washers, 
balls  may  fill  the  row  or  may  be  supported  by  guide-rings. 


The 


FIG.  75. 

Drawing  No.  17  F. 

Angular  load  bearing  may  be  made  of  a  combined  thrust  and  radial  bearing, 
or  may  be  as  shown  in  Drawing  17r.  The  cast-iron  base  disc  carries  another 
similar  spindle  ;  to  each  is  pinned  a  governor,  ball  or  weight.  The  disc  rotates 
horizontally,  and  the  spindles  oscillate  as  the  speed  of  rotation  changes.  The 
ball  motion  is  transmitted  to  the  throttle  valve  lever  by  the  main  governor 
spindle,  which  is  attached  to  the  ball  thrust  bearing  already  drawn  out. 

Draw  to  a  scale  of  full  size  a  sectional  elevation,  an  outside  end  elevation, 
and  a  plan. 

The  satisfactory  use  of  ball  bearings  is  obtained  only  by  care  and  experience. 
For  durability,  the  dimensions  of  the  rings,  balls,  and  curve  radii  are  important ; 
also  the  material,  hardening,  grinding,  and  polishing  must  be  of  the  best.  The 
balls  in  any  one  bearing  should  not  differ  in  diameter  by  more  than  one  ten- 
thousandth  part  of  an  inch,  and  the  working  parts  should  be  of  crucible  cast  steel. 

To  get  perfect  rolling,  the  contact  points  of  the  balls  and  races  in  angular 
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load  bearings  should  form  a  cone  of  revolution  having  its  apex  on  the  shaft 
centre  line. 

Friction,  /u.,  for  a  journal  bearing  varies  from  '001  to  '01 ;  for  good  working 
bearings  /u.  does  not  exceed  '002,  and  the  energy  lost  in  friction  is  reduced 
50  per  cent,  compared  with  the  best  sliding  journals  (refer  to  page  135). 

Example. — Sketch  a  journal  bearing  in  which  the  balls  are  held  in  a  gun- 
metal  cage,  and  explain  how  the  balls  are  put  in  position,  and  the  tongues  of 
the  cage  bent  over. 

Lubrication  of  Bearings. — The  first  essential  is  that  a  good  lubricant 
should  be  used,  and  to  be  satisfactory  it  should  have  the  following  properties : — 

It  must  be  viscous  and  maintain  its  viscosity  at  fairly  high  temperatures. 

It  should  not  evaporate  rapidly  at  working  temperatures. 

Vaporised  oil  should  only  be  inflammable  at  high  temperature  (300°  F.). 

It  should  not  oxidise  on  exposure  to  air. 

It  should  not  oxidise  the  bearing  surfaces. 

It  should  possess  a  good  affinity  for  the  metallic  bearing  surfaces. 

Application  of  Lubricant. — To  make  sure  that  lubrication  is  continuous 
and  satisfactory  for  shafts  running  at  high  speeds,  forced  lubrication  is  used — 
that  is,  oil  is  forced  through  the  bearings  by  means  of  a  pump.  For  engine 
and  dynamo  work  the  usual  pressure  is  14  Ibs.  per  square  inch.  Should  this 
be  exceeded,  a  relief  valve  is  provided  to  allow  the  oil  to  leak  away.  For 
high-speed  turbine  footstep  bearings,  the  pressure  is  200  Ibs.  per  square  inch, 
and  special  arrangements  are  made  that  the  oil  supply  does  not  fall  below  this. 
To  prevent  undue  heating  of  large  bearings,  the  heat  generated  is  carried  away 
by  a  system  of  water  cooling  instead  of  relying  upon  natural  radiation.  For 
most  industrial  work,  however,  the  lubricant  passes  to  the  bearing  by  gravity. 

Syphon  Lubricator  (fig.  76). — An  oil-well  is  provided,  and  frpm  it  to  the 
oil-hole  is  a  length  of  wool  or  wick.  Oil  is  syphoned  from  the  well,  and 


drops  into  the  oil-hole  at  a  regular  rate  by  the  action  of   the   oil  creeping 
up  the  wick. 

Example. — Take  a  few  threads  of  wool  or  worsted,  twist  them  together, 
wet  them,  and  hang  over  the  edge  of  a  pot  almost  filled  with  water,  so  that 


BALL   BEARINGS. 


143 


the  end  hanging  over  is  at  a  lower  level  than  that  within  the  pot. 
action  of  the  wool  in  making  the  water  drip  out  of  the  pot. 

Needle  Lubricator  (fig.  77). --The 
spindle  or  needle  rests  on  the  shaft,  and 
is  vibrated  about  by  the  vibration  of  the 
shaft,  the  oil  leaking  in  between  the 
spindle  and  the  wood  cork,  and  dripping 
on  to  the  journal  at  a  steady  rate.  In 
bushed  bearings,  to  prevent  the  oil  leaking 
between  the  bush  and  the  cap,  a  tube  should 
be  fitted  to  conduct  the  oil  to  the  journal. 
The  lubricator  feeds  only  when  the  shaft  is 
running.  When  stopped,  capillary  action 
prevents  the  oil  flowing  down  the  needle. 

Examples — 

1.  When    fixing   up   line   shafting, 

what  construction  allows  a 
pedestal  to  be  adjusted  to  the 
shaft  centre  line  ? 

2.  State  under  what  conditions  (1) 

hangers,  (2)  wall  boxes,  and 
(3)  end  wall  brackets  are  used. 
Give  a  rough  freehand  sketch 
with  leading  dimensions  for 
each. 

3.  Sketch  and  explain  the  use  of 

an  angle  pedestal.  FIG.  77. 

4.  The  distance  between  centres  of 


Note  the 


bearings  for  line  shafting  is   determined 
tendency  to  whip.     In  the  formula 


by   their  stiffness,  or 


5. 


Bearing  centres  =  constant  J  shaft  diameter2  =  feet, 

find  the  constant.     Centres,  8  feet;  shaft,  mild  steel,  2£  inches 
diameter. 

Work  lost  by  Flection  in  a  Bearing.  —  In  the  case  of  line  shafting, 
the  load  on  the  bearings  is  due  to  weight  of  shafting,  weight  of 
couplings  and  pulleys,  and  pull  of  the  belts.  To  reduce  this, 
the  belts  should  if  possible  pull  on  the  shaft  in  opposite  directions. 
The  total  load  rarely  exceeds  90  Ibs.  per  square  inch  of  projected 
area,  that  is,  length  x  diameter. 

A  shaft  2  1  inches  diameter,  making  300  revs,  per  minute,  has 
bearings  7  inches  long  pitched  8  feet  centres.  Total  load  on  one 
bearing  at  driving  end  is  680  Ibs.  Taking  the  coefficient  of 
friction  ^  =  '02,  what  horse-power  is  lost  in  the  one  bearing  in 
overcoming  friction  ? 

6.  Pedestals  or  plummer  blocks  for  shafts  4  inches  diameter  and  over 

are  fitted  with  four  cap  bolts,  and  four  sole-plate  or  base  bolts. 

7.  To  prevent  the   oil   leaking   from   the   bearing  and  running   and 

dripping  all   over   the   place,   oil-catchers    or   trays    are    fitted. 
Sketch  roughly  a  pedestal  showing  such  trays. 


ADJUSTABLE   VEE   PACKING  BLOCK. 

Drawing  No.  18. 

ADJUSTABLE   vee   packing  blocks  are   used   for  supporting  and  setting  up 

round   details   ready   for   machining,  when   the   latter  require   to   be    some 

distance  above  the  machine  table. 

Such  a  block  consists  of  (fig.  78)  a  cast-iron  base  or  foot,  machined  on 

the  top  and  bottom  faces,  smooth-bored  to  take  the  mild  steel  nut,  and  fitted 

with  set  screw  for  locking  this  nut.  The  mild- 
steel  nut  is  supported  by,  and  turns  freely  in, 
the  top  of  the  body  casting,  it  is  bored  and 
threaded  to  carry  the  vee  block,  which  is 
made  of  mild  steel,  the  stem  being  screwed 
with  a  square  thread  4  threads  per  inch  to  fit 
the  nut. 

The  job  rests  in  the  vee,  and  for  adjust- 
ments of  height  the  nut  is  turned  by  means 
of  its  hexagon  head  and  a  spanner.  When  the 
job  is  set  correctly,  the  nut  is  prevented  from 
turning  by  gripping  it  with  the  small  locking 
screw. 

Draw — 

1.  The  two  elevations  as  shown. 

2.  Under  view  L,  a  plan  in  correct  pro- 

jection looking  in  direction  of  arrow. 

3.  Under   view   M,  a   sectional   plan   on 

the  plane  AB,  considering  the  upper 
part  removed. 


FIG  78.— Adjustable  Vee  Block. 


Note. — Do  not  draw  the  curves  cd,  ef  in  the  sectional  elevation  until  the 
sectional  plan  has  been  drawn.  From  this  the  points  g,  h  are  obtained  by 
projection  at  once.  Parallel  sections  taken  above  and  below  the  plane  AB 
enable  other  points  on  the  curves  to  be  found,  joining  which  gives  the  true 
projection  of  the  hole. 

Question. — What  is  the  object  of  the  hole  through  the  bottom  of  the  cast- 
iron  base  ? 

Example. — Describe,  with  sketches,  the  pattern  and  core  box  from  which 
the  above  cast-iron  base  would  be  made.  State  how  much  of  an  allowance 
for  machining  would  be  given  on  the  base,  top  face,  and  in  the  cored  hole. 
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ADJUSTABLE   SCREW  PACKING. 

Drawing  No.  ISA. 

THE  drawing  illustrates  the  use  of  a  square  thread  for  the  moving  of  a 
considerable  load.  It  is  used  on  the  bed  of  a  planing  or  boring  machine,  to 
assist  in  adjusting  the  job,  also  to  support  and  stiffen  up  any  parts  not  other- 
wise supported,  so  as  to  prevent  undue  warping  during  machining.  It  consists 
of  (fig.  79)  a  loose  mild-steel  cap  fitting  on  the  spherical  head  of  the  screw, 

so  that  it  can  adjust  itself  to  slight  inclinations  of 
the  piece  being  machined,  and  a  square-thread 
screw,  carrying  the  cap  and  supported  in  a  cast- 
iron  nut  formed  as  shown. 

Draw  to  a  scale  of  full  size — 

1.  The  general  arrangement  shown,  adding 

the  plan  required. 

2.  A  detail   of   the   cast-iron   body  or  nut, 

fully  dimensioned,  showing  an  outside 
elevation,  section,  plan  looking  on  top, 
plan  of  under  side,  and  a  section  across 
the  line  AB. 

Note. — The  cap  swivels  loosely  on  the  ball-head 
of  the  screw.  To  prevent  it  falling  off,  the  ears 
marked  A  are  formed  as  a  cylindrical  piece 
parallel  to  the  axis,  the  slots  cut  out,  and  when 
assembled  the  ears  knocked  over  the  spherical 
head  by  the  round  or  riveting  head  of  a  hammer. 
The  cast-iron  base  which  forms  the  nut  has  its  interior  of  round  conical  form, 
the  outside  being  hexagonal,  tapering  off  to  the  top,  the  flat  side  in  each  case 
being  filleted  off  at  the  base,  with  a  fillet  f  inch  radius,  as  shown  in  the  section. 
The  projection  of  the  corners  formed  by  the  junction  of  these  face  fillets,  as 
shown  at  D  in  the  outside  side  elevation,  would  ordinarily  be  drawn  in  roughly 
by  eye.  The  correct  method  of  producing  the  curve  geometrically  is : — 

First  take  a  horizontal  cutting  plane  or  surface  PQ.  Assume  the  casting 
parted  into  two  across  this  plane.  Remove  the  portion  above  PQ,  and  draw 
the  plan  of  what  remains.  It  is  the  hexagon  distance  across  flats,  3f  inches. 
To  draw  the  side  elevation  of  this  hexagon  : — ab  is  the  distance  across  corners, 
cd  the  width  of  the  face,  both  measured  from  the  plan.  The  axes  OX,  OY 
indicate  the  correct  way  to  turn  the  projection  back,  so  as  to  form  the  side 
elevation.  If  the  centre  line  for  the  side  elevation  has  already  been  drawn  in,. 
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the  point  O  in  OX  must  be  taken  such  that  po  equals  half  ab ;  otherwise  the 
point  o  may  be  taken  at  any  convenient  position  along  the  horizontal  OX. 

Secondly,  take  a  horizontal  plane  RS.  Assume  the  casting  parted  as  before 
and  the  top  removed.  To  draw  the  side  elevation  of  this  hexagon  : — ef  is  the 
distance  across  corners,  gh  the  width  of  the  face,  both  measured  from  the  plan 
and  transferred  direct,  or  swung  round  by  means  of  the  axes  OX,  OY. 

Similarly,  by  taking  further  horizontal  cutting  planes  between  the  planes 
RS  and  PQ  we  can  obtain  other  points  on  the  required  curves  ae,  eg,  dh,  and 
bf.  Joining  these  neatly  by  hand,  or  by  the  nearest  approximate  circle  or  a 
pattern  (French  curve),  we  show  the  required  intersections  of  the  face  fillets. 

Examples — 

1.  Through  what  height  is  the  cap  of  the  jack  raised  for  five  complete 

turns  of  the  screw  ? 

2.  With  a  pull  of  20  Ibs.  applied  on  a  bar  at  a  radius  of  12  inches  from 

the  axis  of  the  screw,  what  total  force  will  the  cap  exert  on  the 
job :  (1)  if  we  neglect  any  loss  due  to  the  transmission  of  the  force 
through  the  parts  of  the  jack  ?  (2)  if  we  take  the  efficiency  of  the 
jack  as  35  per  cent.  ? 


MACHINE  VICE. 

Drawing  No.  19. 

Draw  to  a  scale  of  three-quarters  full  size  a  general  arrangement  from  the 
details  given,  showing  a  plan,  a  side  elevation,  and  an  end  elevation  looking 
in  the  direction  of  the  arrow  Y,  one  side  of  the  centre  line  being  an  outside 
view,  the  other  side  a  section  taken  along  the  plane  CD. 

Indicate  by  red  lines  along  the  face  all  the  parts  which  require  machining. 

Fig.  80  illustrates  the  use  of  the  vice.     It  is  bolted  down  to  the  bed  or 
table  of  the  milling  machine,  and  small  jobs  are  securely  held  in  it  during  the 
process  of  machining.    It  is  much  more 
handy,  convenient,  and  economical  as 
compared  with  the  clamping  of  the  job 
direct  to  the  machine  table. 

The  main  casting  is  of  cast-iron, 
planed  on  the  bottom  and  top,  the  slot 
also  being  machined  out.  The  clear- 
ance holes  for  bolting  it  down  to  the 
machine  bed  by  tee-head  bolts  are 
drilled.  The  screw  bearing  holes  are 
bored  so  as  to  be  exactly  in  line. 

The  adjustable  jaw  is  of  cast-iron, 
the  under  face,  top,  and  sides  of  the 
projection  forming  the  nut  being 
machined  a  good  fit  to  the  slot  and 
face  of  the  main  casting,  and  the  nut 
being  cut  with  a  thread  to  suit  the 
screw  of  4  threads  per  inch.  The 
bottom  bearing  plate,  which  slides 
against  the  under  side  of  the  recess 
in  the  main  casting,  is  fixed  to  the  nut 
by  four  round  flat-head  screws.  It  is 
machined  to  fit  soundly  against  the 
bottom  of  the  nut,  and  its  side  flanges 
to  be  a  good  working  fit  against  the 

sliding  surface.  The  mild-steel  screw  is  cut  with  a  standard  square  thread 
4  T.P.I.,  the  end  of  which  is  shown  by  the  small  circle  on  the  screw  detail. 
It  is  turned  by  aid  of  a  box-key  or  spanner  (fig.  81)  fitting  on  the  square 
shank  end,  and  moves  the  adjustable  jaw  by  means  of  its  nut,  the  screw  itself 
being  held  free  to  rotate  between  the  fixed  collar  and  the  end  washer,  which 
is  made  to  turn  with  the  screw  by  means  of  the  small  key  which  is  dovetailed 
into  it  and  fits  into  a  keyway  in  the  end  of  the  spindle.  This  end  washer  is 
fixed  in  position  by  means  of  the  two  hardened  steel  lock-nuts. 

To  grip  the  job  securely,  the  jaws  A  and  B  are  faced  with  hardened  steel 
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MACHINE   VICE. 

plates  £  inch  thick.     To  prevent  the  job  twisting,  they  are  roughened  by  dia- 
gonal cross-hatchings,  and  are  fixed  to  the  cast-iron  faces  by  means  of  counter- 


FIG.  81. — Machine  Vice  (under  view). 

sunk  screws,  heads  sunk  .^  inch  below  surface,  and  also  steady  pins  to  obtain 
rigidity  and  enable  them  to  be  replaced,  after  removal  for  re-cutting,  in  their 
old  exact  positions. 

The  details  given  are  : — 

Main  casting. 

Screw  with  key-nuts  and  washer. 

Adjustable  jaw  with  bottom  bearing  plate. 

Do  not  draw  the  separate  details,  but  the  general  arrangement  asked  for 
and  illustrated  by  fig.  82. 


FIG.  82. — Machine  Vice. 


Eocample. — Sketch  in  good  proportion,  complete  with  all  dimensions,  a 
box-key  or  spanner  suitable  for  tightening  up  the  vice. 


STEAM-PIPE   EXPANSION   JOINT. 

Drawing  No.  20. 

WHEN  arranging  steam  mains  provision  must  be  made  for  expansion  and 
contraction  and  the  draining  away  of  water  of  condensation,  if  accidents  are  to 
be  avoided.  The  object  of  this  steam-pipe  expansion  joint  is  to  allow  for  the 
changes  in  length  which  take  place,  due  to  changes  of  steam  pressure  and 
temperature,  and  it  is  suitable  for  a  short  length  of  piping  connecting  a  boiler 
direct  to  the  engine.  The  flexibility  or  elasticity  of  the  copper  takes  up  the 
small  alterations  in  length  which  occur. 

It  consists  of  a  U -section  copper  ring,  with  cast-iron  flanges  brazed  on, 
fixed  by  bolts  between  two  flanges  in  the  main  steam-pipe,  which  is  of  cast- 
iron,  the  joint  at  their  flanges  being  made  steam-tight  by  means  of  a  corrugated 
plate  made  from  sheet  brass  ^th  inch  thick. 
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head, 


Draw  to  a  scale  of  half  full  size  — 

Front  elevation,  half  in  outside  view,  half  in  section. 
End  elevation. 
Section  on  the  plane  CD. 

Give  a  full-size  detail  of  the  bolt:  width  across  flats,  1'3  inches; 
|  inch  thick  ;  10  threads  per  inch. 

In  actual  erection,  the  bolts  would  not  come  on  the  horizontal  or  vertical 
centre  lines,  but  as  indicated  in  the  small  sketch — that  is,  bolts  would  be 
pitched  off  the  vertical  centre  line. 

In  the  outside  front  elevation  the  two  bolts  E,  E  are  not  projected,  in  order 
to  show  the  detail  more  clearly.  They  should,  however,  be  filled  in,  in  correct 
projection,  from  the  end  elevation. 


FIG.  84.— Steel  Bend. 

A  two-face  view  of  the  bolt-heads  is  given.  Often  three-face  views  of 
hexagon  heads  and  nuts  are  drawn,  independent  of  correct  projection,  so  that 
a  two-face  view  will  not  be  mistaken  for  a  square  head  or  nut. 

The  example  drawn  is  only  suitable  for  short  lengths  of  piping-  For  cast- 
iron  pipes  of  small  diameter,  carrying  moderate  pressures,  but  of  considerable 
length,  cast-iron  expansion  sockets  as  shown  in  fig.  83  are  used.  To 
prevent  the  sliding  pieces  rusting  together,  they  are  subjected  to  the  Barff 
process,  which  protects  cast-iron  against  rusting.  For  pipes  of  larger  diameter, 
gun-metal  sleeves  are  used.  The  holes  in  pipe  flanges  are  arranged  templet 
way,  which  permits  of  pipes  being  turned  at  right  angles  without  bolt-hole 
difficulties  being  met  with. 
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For  pipes  of  larger  diameter  and  higher  pressures,  expansion  bends 
(fig.  84  and  fig.  85)  are  used,  and  where  space  permits  these  bends  should  be 
horizontal  and  not  vertical.  They  are  made  of  mild  steel  or  copper.  At 
temperatures  ordinarily  met  with  in  practice  cast-steel  is  not  affected  by  the 
temperature.  Mild  steel  is  preferred  to  copper  because  of  its  better  welding 
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FIG.  85. 


properties.  At  temperatures  in  the  neighbourhood  of  400°  F.  the  elasticity  of 
copper  begins  to  diminish,  and  above  500°  F.  copper  becomes  unreliable.  The 
mild-steel  pipes  are  lap-welded  and  made  from  boiler-plate  steel. 

Examples — 

1.  Steam  generated  in  the  boiler  is  transmitted  to  the  engine  through 
a  range  of  piping,  or  when  used  for  heating  is  conducted  round 
the  buildings  in  pipes.  Heat  applied  to  metallic  bodies,  in  general, 
causes  them  to  increase  their  dimensions.  Pipes  used  for  such 
purposes  change  their  length  as  the  pressure,  and  therefore  the 
temperature,  of  the  steam  in  them  changes.  Unless  provision  is 
made  so  that  these  changes  can  take  place,  the  forces  brought  into 
play  will  cause  damage  to  the  pipes  or  buildings. 

Example. — A  wrought-iron  steam  main  is  480  inches  long,  and 
the  steam  pressure  in  it  changes  from  5  to  150  Ibs.  per  square  inch. 
By  how  much  does  its  length  increase  ? 

Temperature  of  steam  at  5  Ibs.,  228°  F. ;  at  150  Ibs.,  370'8°  F. 
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Wrought-iron  increases  in  length  by  ('00000633  x  length)  for 
every  1°  F.  of  temperature  change. 

Increase  of  length  =  coefficient  of  expansion  x  length  x  tempera- 
ture change 

=  -00000633  x  480  x  (370-8  -  228) 
=  -434,  say  i  inch. 

The  coefficient  of  linear  expansion  is  a  number  expressing  the 
.     ratio  increase  of  length  for  r  R  Q£  t          rature  change. 
original  length 

The  following  table  gives  the  values  most  often  required : — 


Material      .     .     . 

Cast  Iron. 

Wrought  Iron. 

Mild  Steel. 

Copper. 

Coefficient  of 
linear  expansion 

•00000589 

•00000633 

•00000734 

•00000932 

2.  Describe,  with  sketches,  and  explain  the  use  of  materials  such  as 

rubber  insertion,  corrugated  brass,  millboard- woven  wire,  to  make 
a  tight  joint  between  steam  flanges. 

3.  What  is  meant  by  brazing  ?     Describe  the  process  of  brazing  a  flange 

on  a  pipe,  and  give  roughly  the  temperatures  at  which  the  braz- 
ing metal,  the  flange,  and  the  metal  of  the  pipe  will  begin  to  melt. 

4.  Steam-pipe  covering.     To  prevent  loss  of  heat  by  radiation  from  a 

pipe  carrying  steam,  it  is  covered  with  some  non-conducting 
material.  State  what  materials  are  commonly  used,  how  they  are 
applied,  and  how  they  are  held  in  position. 

5.  Under  what  conditions  is  it  necessary  to  use  studs  instead  of  bolts 

for  a  flanged  joint  ? 

6.  What  is  the  pitch  of  the  bolts  along  the  bolt  circle,  in  terms  of  the 

bolt  diameter  in  Drawing  No.  20  ?  In  calculating  the  bolt 
diameter,  the  steam  pressure  is  taken  as  acting  on  the  area  of  a 
circle  touching  the  inner  edges  of  the  bolt-holes. 


HYDRAULIC   PIPE   JOINTS. 

Drawing  No.  20A. 

ONE  of  the  chief  difficulties  in  connection  with  the  hydraulic  transmission  of 
energy  is  that  of  preventing  leakage  of  water  from  the  various  joints  in  the 
distribution  pipes.  Fig.  86  shows  a  hydraulic  screw  joint,  as  used  for 
coupling  up  two  lengths  of  1^-inch  bore  hydraulic  piping.  The  end  of  one 
pipe  is  swelled  up  and  screwed.  The  end  of  the  other  is  formed  with  a  collar. 
A  gun-metal  hexagon  nut  or  coupling  pulls  the  two  ends  together  against  a 
gasket  or  gutta-percha  washer,  bedding  on,  which  makes  the  joint  tight. 

For  joining  up  two  lengths  of  a  cast-iron  transmission  main,  flanges  with 
circular  registers  are  cast  on  the  ends  of  the  pipe.  On  the  flanges  being  drawn 
together,  the  protecting  register  beds  on  the  gutta-percha  ring,  making  the 
joint  watertight. 

Draw  to  a  scale  of  full  size  — 

A  complete  sectional  elevation. 
A  complete  side  elevation. 
An  end  elevation,  and  a  plan. 
Examples  — 

1.  If  the  diameter  of  a  pipe  is  very  large  compared  with  the  thickness, 
as  in  the  case  of  a  boiler  shell,  we  have  the  simple  formula  — 

t=  „  —  ,.  inches. 
2x/ 

t  =  thickness  of  walls. 

p  =  working  gauge  pressure  in  Ibs.  per  square  inch. 

d  =  internal  diameter  in  inches. 

f=  working  stress  on  the  material  in  Ibs.  per  square  inch  of 

cross  section. 

If,  however,  the  diameter  of  the  pipe  be  not  large  compared 
with  the  thickness,  as  in  the  case  of  hydraulic  pipes,  the  produc- 
tion of  a  formula  is  more  difficult,  but  we  have  — 


p  =  working  pressure  in  Ibs.  per  square  inch  by  gauge. 
r0  =  outside,  and  rt  =  inside  radius  of  pipe. 
/=  working  stress  in  Ibs.  per  square  inch  produced  in  the  pipe 

material  by  the  pressure  p. 
—  ri  =  the  thickness  of  the  pipe. 
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A.  In  the  case  of  the  steel  piping,  fig.  86,  show  that  the  working 
stress  in  the  material  is  5835  Ibs.  per  square  inch. 

B.  In  the  case  of  the  cast-iron  piping,  Drawing  No.  20A,  show 
that  the  working  stress  in  the  material  is  2500  Ibs.  per  square  inch. 

2.  Suppose  the  pipe  on  which  one  flange  is  formed  to  be  rigidly  fixed, 
and  the  pipe  on  which  the  other  flange  is  formed  to  make  a  right- 
angle  bend.  Show  that  the  load  tending  to  pull  the  joint  apart 


i 


itagaE- 


<bc.HE.Vf  Jp\HT 


FIG.  86. 

is  2640  Ibs.  Show  that  the  stress  measured  on  the  body  part  of 
the  bolts  is  1680  Ibs.  per  square  inch.  Show  that  the  stress 
measured  on  the  area  of  the  bottom  of  the  threads  of  the  bolts 
is  2382  Ibs.  per  square  inch. 

3.  Make  to  a  scale  of  full  size  a  drawing  of  the  screw  joint,  fig.  86, 
giving— 

A  sectional  elevation  as  shown. 

An  end  elevation. 

An  outside  side  elevation  corresponding  to  this  section. 

A  plan. 


HYDRAULIC   PISTON. 

Drawing  No.  21. 

THE  reduction  in  volume  which  takes  place  when  pressure  is  applied  to 
water  is  so  small  that  it  may  be  neglected ;  thus,  1500  Ibs.  per  square  inch  re- 
duces the  volume  by  1  in  200.  Also  the  applied  pressure  is  transmitted  through 
the  water  without  loss.  Energy  can  therefore  be  transmitted  with  economy 
by  allowing  water  under  pressure  to  operate  a  movable  piston  in  a  cylinder. 

The  piston  given  consists  of  two  cast-iron  discs  securely  fixed  on  the  mild- 
steel  piston  rod  by  means  of  the  pinned  nut.  To  prevent  leakage  past  the 
piston,  which  it  is  important  should  not  take  place,  and  yet  to  allow  the  piston 
to  slide  freely,  that  is,  without  undue  friction,  two  cup  leather  packing  rings 
are  clamped  back  to  back  between  the  cast-iron  discs.  The  efficiency  of  the 
piston  packing  depends  altogether  on  the  quality  of  these  leathers,  which 
should  be  made  from  specially  selected  oak-tanned  butts  or  hides. 

Draw  to  a  scale  of  full  size — 

The  section  indicated. 

An  end  elevation  looking  in  the  direction  of  the  arrow. 

A  plan  looking  on  top  of  this  end  elevation. 

The  application  of  hydraulic  transmission  is  most  suitable  to  machines 
intermittent  in  their  action,  such  as  presses,  punches,  lifts,  and  cranes.  The 
easy  manner  in  which  the  energy  can  be  taken  in  suitable  pipes  from  point  to 
point  with  very  small  losses  is  a  great  advantage,  the  difficulties  to  be  over- 
come being  those  of  pipe  friction  and  leaky  joints. 

Examples — 

1.  The  piston  shown  has  a  stroke  of  4  feet  6  inches.  By  means  of  a 
pulley -block  arrangement  it  lifts  its  load  a  height  of  18  feet  at 
the  rate  of  2|  feet  per  second. 

(a)  The  supply  pipe  has  an  internal  diameter  of  1^  inches ;  out- 
side, If  inches.  Show  that  the  velocity  of  the  water  through 
the  supply  pipe  is  14*4  feet  per  second. 

(6)  The  pressure  of  the  water-supply  being  100  Ibs.  per  square 
inch,  the  load  lifted  at  the  above  rate  560  Ibs.,  show  that  the 
mechanical  efficiency  of  the  crane  is  79'2  per  cent. 

(c)  What  volume  and  weight  of  water  is  used  in  one  lifting 
stroke  ?     N.B. — The  water  acting  on  the  nut  side  of  the  piston. 
Also  what  volume  and  weight  of  water  is  wasted   in  bringing 
the  piston  back  to  its  initial  position  ? 

(d)  Show  that  24,358  foot-lbs.  of  water  energy  has  to  be  used 
per  lift,  and   that  the   commercial   efficiency  of  the  crane  then 
becomes  41-4  per  cent. 
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2.  To  resist  corrosion  in  water  containing  acid,  a  lead  bronze — 77  parts 
copper,  8  tin,  and  15  lead — is  used.  What  is  the  value  of  raw  metal 
in  1  Ib.  of  the  alloy  ?  Take  the  value  of  the  metals  from  the 
daily  paper. 
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PISTON   FOR   12  INCHES   DIAMETER   STEAM   CYLINDER. 

Drawing  No.  21  A. 

EVERY  heat-engine  has  a  working  substance,  and  heat-energy  is  converted 
into  mechanical  energy  by  the  changes  which  take  place  in  the  volume  or 
space  occupied  by  this  working  substance.  In  a  reciprocating  steam  engine 
we  have  the  piston-cylinder  arrangement,  the  piston  changing  its  position  in 
the  cylinder  giving  the  required  volume  changes. 
The  piston  block,  to  be  satisfactory,  should — 

1.  Work  freely  in  the  cylinder,  and,  without  undue  friction  on  the  sides 

of  the  cylinder,  prevent  the  steam  from  leaking  past  it. 

2.  Be  strong  enough  to  carry  the  load  coming  on  it. 

3.  Be  rigidly  attached  to  its  piston  rod,  as  the  two  details  are  subjected 

to  severe  reversals  of  heavy  load. 

Draw  to  a  scale  of  half  full  size,  showing  all  details  assembled — 

A  side  elevation,  the  half  above  the  centre  line  to  be  in  section,  and 

that  below  the  centre  line  in  outside  view. 
An  end  elevation  looking  at  the  nut  end  of  the  rod. 
An  end  elevation  looking  in  at  the  other  side  of  the  piston  block. 

On  the  right-hand  side  of  your  drawing  make  a  table  giving  Detail ;  No. 
off  per  set ;  Material ;  Pattern  No. ;  Character  of  work  to  be  done  on  detail  for 
the  particular  piston  and  rod  end  shown,  in  which  we  have : — 

The  cast-iron  block,  which,  to  meet  condition  (1)  above,  is  turned  an  easy 
fit  to  the  bore  of  the  cylinder,  and  then  made  steam-tight  by  fitting  spring 
rings  into  grooves  cut  in  the  side  of  the  block.  A  common  and  satisfactory 
form  of  ring  is  called  the  Ramsbottom  ring,  constructed  somewhat  as  follows : — 
A  short  cast-iron  ring  is  taken  with  machining  allowances  inside  and  out,  for  a 
12-inch  cylinder  the  outside  diameter  being  12'25  inches  +  machining  allow- 
ance; inside  diameter,  11 '25  inches  —  machining  allowance.  A  diagonal  slot 
\^  inch  wide  is  now  cut  along  the  side  of  the  ring,  which  is  then  cramped  up  in 
a  jig  and  closed  in  until  the  faces  of  the  slot  come  close  up.  The  end  of  the 
ring  standing  out  of  the  jig  is  then  turned  12  inches  and  bored  11  inches 
diameter.  Rings  are  then  parted  off  wide  enough  to  be  a  good  fit  sideways  in 
the  piston-block  grooves.  The  rings  produced  fit  closely  a  cylinder  12  inches 
bore,  and  as  they  tend  to  open  out  to  a  normal  diameter  of  12£  inches,  they 
exert  a  pressure  on  the  walls  of  the  cylinder,  and  will  spring  out  to  take  up 
wear,  thus  maintaining  the  piston  steam-tight  during  its  motion. 
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Example. — The  cylinder  is  12  inches  diameter;  steam  pressure  on  one  side 
of  piston,  175  Ibs.  per  square  inch;  on  the  other  side,  40  Ibs.  per  square  inch. 
What  is  the  total  load  supported  by  the  piston  ? 

To  carry  such  heavy  loads  with  safety,  piston  blocks  are  made  either 
conical  or  box  section,  well  ribbed.  The  conical  form  enables  a  strong 
cover  with  small  clearances  to  be  used,  and  assists  condensed  steam  to  drain 
away. 

The  above  load  on  the  piston  falls  off  at  the  end  of  each  stroke,  and  is 
reversed  in  direction  during  the  next  stroke ;  hence  the  tendency  of  the  piston 
block  to  work  loose  on  the  end  of  the  rod,  and  the  necessity  of  a  secure 
method  of  fixing  the  two  together. 

The  piston-block  centre  is  bored  to  templet,  so  that  end  of  rod  will  be  an 
exact  fit.  The  rod  is  made  of  mild  steel  turned  to  fit  the  recess,  and  fixed  in 
position  by  the  nut  shown.  To  prevent  the  nut  slacking  back,  a  split  taper 
pin  is  driven  through  the  nut  and  the  rod  end.  To  allow  the  nut  to  be 
tightened  up  if  any  bedding  down  takes  place,  the  nut  is  grooved  or 
castellated  so  that  it  can  be  pinned  at  every  sixth  part  of  a  complete  turn. 

The  length  of  the  rod  itself,  after  turning,  is  finished  off  to  size  by  grinding. 
This  gives  a  truly  cylindrical  and  a  good  skin  surface. 

Fig.  87. — To  remove  the  piston  from  the  cylinder,  the  joint  must  be 
broken,  after  removing  the  nut.  Most  probably  the  rod  will  be  found  to  be 
jammed  in  the  block.  The  piston  wrench  consists  of  a  nut  then  screwed  on  to 
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the  back  boss  of  the  piston,  and  the  forcing  screw  being  turned  forces  the  rod 
apart  from  the  block.  Afterwards  the  eye-bolt  enables  the  piston  to  be  lifted 
from  the  cylinder,  which  in  this  case  is  vertical. 

Eocamples — 

1.  Estimate  roughly  the  weight  in  Ibs.  of  the  piston  block,  given  1  cubic 

inch  of  cast-iron  weighs  0'26  Ib. 

2.  Explain  the  process  of  assembling  or  placing  the  piston  block  with 

its  rings  inside  the  cylinder. 

3.  Sketch  and  describe — 

(a)  An  alternative  arrangement  of  piston  ring  or  rings. 
(6)  An  alternative  method  of  fixing  the  block  to  the  rod. 


GAS   ENGINE  PISTON. 

Drawing  No.  2lB. 

THE  gas  engine  is  a  machine  for  converting  natural  energy  into  mechanical 
energy.  The  essential  parts  of  such  an  engine  are  indicated  by  the  line 
diagram  fig.  88,  and  the  engine  works  on  a  four-stroke  cycle : — 

1.  Suction  stroke.     A  mixure   of   air  and  gas  in  the  proportion,  say, 

10  to  1  for  town  gas  is  drawn  into  the  cylinder. 

2.  Compression   stroke.      This  mixture   is    compressed    up    into    the 

clearance  space.  At  the  end  of  the  stroke  it  is  fired;  heat  is 
liberated,  while  the  gas  remains  practically  at  constant  volume, 
with  the  result  that  the  temperature  and  pressure  of  the  mixture 
rise  greatly. 

3.  Working   stroke.      The   products   of   combustion   at  high  pressure 

expand,  forcing  out  the  piston  and  giving  up  energy  to  the 
crank -shaft. 

4.  Exhaust  stroke.     During  the  next  in-stroke  the  spent  gases  escape 

from  the  cylinder  to  the  air. 
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FIG.  88. 


For  economy  in  gas  consumption  the  pressure  at  the  end  of  the  com- 
pression stroke  is  fairly  high,  say  75  Ibs.  per  square  inch.  As  this  is  produced 
by  gradually  compressing  the  mixture  of  gas  and  air,  it  is  very  important  that 
the  piston  packing  be  effective  against  leakage. 

When  the  gas  is  fired  the  pressure  due  to  the  heat  liberated  rises  to,  say, 
250  Ibs.  per  square  inch.  The  gas  at  this  pressure  then  expands,  driving  out  the 
piston.  Again,  to  get  the  maximum  energy  out  of  the  gas,  piston  leakage  must 
be  reduced  to  a  minimum. 

Drawing  No.   2 IB   shows   a  piston  used   to  satisfy  these  requirements. 
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The  cast-iron  trunk  piston  is  turned  an  easy  fit  to  the  bore  of  the  cylinder, 
and  grooved  for  the  six  cast-iron  Ramsbottom  spring  rings.  The  gudgeon  pin 
on  which  the  connecting-rod  oscillates  is  fixed  in  the  piston  by  the  two  steel 
screws;  its  length  must  be  such  that  the  flat  ends  do  not  project  outside  the 
barrel  surface  of  the  piston,  and  as  shown  in  fig.  A.  The  internal  pip  which 
drips  the  lubricant  on  to  the  end  of  the  connecting-rod,  which  is  scooped  out  to 
catch  it,  and  so  lubricate  the  gudgeon  pin,  must  be  shifted  so  that  the  lowest 
point  of  the  pip  comes  on  the  centre  line. 

Draw  to  a  scale  of  three-eighths  full  size — 

A  sectional  elevation  as  shown. 

A  plan  in  outside  view. 

An  end  elevation  looking  inside  the  piston. 

At  the  end  of  the  compression  stroke,  before  the  mixture  is  fired,  its 
temperature  may  be  about  400°  F.  Immediately  after  firing,  the  heat  liberated 
will  raise  this  to  about  3000°  F.  The  use  and  necessity  of  the  water-jacket  are 
at  once  seen.  To  keep  the  piston  cool  enough  to  make  lubrication  possible,  it 
is  constructed  of  the  trunk  form,  and  single-acting ;  that  is,  the  gas  only  acts 
on  one  side  of  it,  heat  radiation  from  the  open  side  preventing  it  attaining  an 
unworkable  temperature.  In  large  engines,  made  double-acting,  the  piston  is 
of  different  design,  but  arrangements  have  to  be  made  to  circulate  cooling 
water  through  it. 

Examples — 

1.  A  gas  engine  cylinder  is  12  inches  diameter ;  the  piston  has  a  stroke 

of  24  inches.     What  is  the  working  volume  in  cubic  feet  ? 

2.  What  is  the  volume  of  air  and  gas  at  the  end  of  the  suction  stroke, 

if  the  clearance  volume  is  three-eighths  of  the  working  volume  ? 

3.  If  the  relation  between  pressure  and  volume  during  compression  is 

at  every  point  represented  by  the  expression  p  x  v1'3  =  constant, 
the  pressure  at  the  end  of  the  suction  stroke  being  14'7  Ibs.  per 
square  inch,  what  is  the  pressure  at  the  end  of  the  compression 
stroke  ?  Neglect  the  increase  of  pressure  due  to  temperature 
rise  produced  by  the  heat  received  from  the  cylinder  during  the 
compression  stroke. 


STEAM  TURBINE  BLADES. 

Drawing  No.  21c. 

IN  the  reciprocating  engine  the  change  of  volume  is  obtained  by  the  piston 
cylinder  mechanism.  A  steam  turbine  is  a  rotary  engine,  and  the  volume 
changes  take  place,  first : — 

Laval  Type  (fig.  89). — In  a  conical  or  diverging  nozzle  or  nozzles  fixed  in  the 
casing.  In  these  the  heat-energy  is  converted  into  kinetic  energy,  which  has 
then  to  be  transferred  to  the  rotor  of  the  engine,  which  consists  of  a  wheel 
mounted  on  a  shaft,  carrying  on  its  rim  blades  on  which  the  steam  jet  acts, 
giving  an  impulse  turbine.  For  efficient  working — 

1.  The  absolute  velocity  of  the  jet  leaving  the  blades  must  be  as  small 

as  possible. 

2.  The  jet  must  enter  the  blades  without  shock — that  is,  the  first  part  of 

the  blades  must  be  in  the  direction  of  the  relative  motion  of  the 
steam  jet  to  the  wheel. 

Thus,  in  the  drawing,  section  on  AB— 

vl  =  velocity  of  steam  jet  from  nozzle. 

w  =•  velocity  of  wheel,  centre  of  blade  length. 

r  =  direction  of  relative  motion,  jet  to  wheel,  and  inside  edge  of  blade 
is  tangent  to  this  line. 

a  =  velocity  of  steam  jet  leaving  the  wheel. 

Draw  to  a  scale  of  twice  full  size  a  portion,  say  one-quarter,  of  the  wheel 
rim  as  given.  For  setting  out  the  blade  angle,  take  the  mean  speed  of  the  wheel 
as  500  feet  per  second,  and  the  steam-jet  velocity  as  2500  feet  per  second. 

Examples — 

1.  The  velocity  of  the  mean  circle  for  the  blade  length  being  500  feet 

per  second,  express  this  in  revolutions  per  minute  and  radians  per 
second. 

2.  The  weight  of  one  blade  being  95  grains,  what  pull  in  Ibs.  does  it 

exert  on  the  wheel  rim  due   to  centrifugal   effect  (1  Ib.  =  7000 
grains) ? 
In  the  second,  Parsons,  type  of  turbine  (fig.  90)  the  whole  energy  is  not 
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FIG.  90. 
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FIG.  89. 


Scale  Twice  Full  Size. 
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converted  into  kinetic  energy  in  one  nozzle  or  set  of  nozzles,  but  the  ex- 
pansion is  gradual  in  both  the  fixed  and  moving  blades,  and  the  kinetic  energy 
is  taken  out  of  the  steam  in  stages ;  hence  a  different  type  of  blade  is  used. 
Rings  of  blades  are  fixed  alternately  on  the  casing  and  to  the  rotor.  The 
steam  expands  in  these  rings  of  blades,  completely  filling  them,  and  to  prevent 
leakage  endways  minimum  clearances  become  of  great  importance. 


'? ->-!•. 


FIG.  91. 


a  =  velocity  of  steam  entering  fixed  guide  vanes. 
v l  =  steam  velocity  on  leaving ;  is  greater  than  a,  due  to  expansion. 
w  —  wheel  velocity. 

r  =  relative  velocity  of  steam  entering  wheel  or  moving  vanes. 
7*!  =  velocity  of  steam  leaving  wheel ;  greater  than  r,  due  to  expansion 
b  =  velocity  of  steam  entering  next  set  of  guide  vanes. 


FIG.  92.— Turbine  Blades. 

Drawing  No.  21 D  shows  a  portion  of  one  ring  of  casing  or  guide  blades 
from  a  2000  K.W.  Willans- Parsons  turbine,  the  diameter  of  the  rotor  at  the 
small  end  being  1 8  inches,  the  rotor  making  1 300  revolutions  per  minute.  Steam 
enters  from  the  side  F.  Expanding,  gaining  velocity  and  kinetic  energy, 
leaving  on  the  side  E,  it  is  deflected  or  guided  into  similar  but  reversed  blades, 
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as  indicated,  mounted  on  the  drum-shaft  or  rotor,  to  which  it  gives  up  energy, 
and  on  leaving  passes  into  another  ring  of  casing  blades,  which  turn  it  into 
another  set  of  rotor  or  moving  blades ;  and  so  on  until  it  reaches  the  end  of 
the  first  stage. 

To  accommodate  the  increasing  volume  of  steam,  the  next  stage  drum  and 
casing  are  made  larger  in  diameter,  and  the  process  of  the  steam  passing 
through  fixed  and  moving  blades  repeated,  until  finally  the  steam  exhausts 
into  the  condenser  pipe. 

Draw  to  a  scale  of  twice  full  size  a  portion  of  one  ring  of  the  fixed  blades 
as  shown. 

Example. — Verify  that  the  weight  of  one  blade  is  5'08  grammes,  the 
material  being  phosphor-bronze.  Express  this  weight  in  grains. 

Assume  it  is  fixed  on  the  rotor,  and  the  outside  top  diameter  to  be  18 
inches.  What  force  is  required  to  restrain  the  centrifugal  effect  at  1300  revs, 
per  minute  ? 


FLY-WHEEL. 

A  FLY-WHEEL  is  a  store  or  reservoir  of  energy,  taking  up  energy  when  the 
effort  is  greater  than  the  load,  giving  out  energy  when  the  effort  is  less  than 
the  load. 

At  any  given  speed  the  energy  in  the  wheel  is  given  by— 


Kinetic  energy  =  -=—  foot-lbs  .....     (1), 

*9 
if  W  is  the  weight  in  Ibs. 

v,  the  velocity  in  feet  per  second  at  the  effective  radius  of  the  wheel. 

g,  the  gravitational  constant,  is  32'2  feet  per  second. 

It  is   convenient  to  have  modifications  of  this  expression  for  the  stored 
energy. 

First,  to  express  it  in  terms  of  the  revolutions  per  minute,  N. 

N 
We  have  v  =  2-TrE,-  feet  per  second. 


_ 

"  2g  ~  2#.  60.60* 
=  MN2     ........     (2), 

where  M  has  a  particular  value  for  any  given  wheel. 

Second,  to  express  it  in  terms  of  I,  the  moment  of  inertia,  and  co,  the  angular 
velocity  of  the  wheel,  co  being  in  radians  per  second. 

We  have  v  =  Ro>. 


Hence,  KE  =       -  =  -       =pw2.  .     (3), 

WR2 

where  I  =  -  and  is  called  the  moment  of  inertia  of  the  wheel. 
9 

R  is  the  radius  of  gyration  of  the  wheel,  that  is,  the  effective  radius  of  the 
wheel  in  feet. 

For  a   rectangular  section   rim,  inside  radius  R,.,  outside  radius  R0,  and 
neglecting  the  arms  and  boss, 


For  any  other  section  of  rim,  or  to  take  the  arms  and  boss  into  account. 
R  can  be  obtained  by  calculating  the  moment  of  inertia  of  the  whole  wheel 
about  the  shaft  axis. 
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Limiting  Rim  Velocity.— The  energy  stored  in  a  wheel  depends  upon  its 
weight,  that  is,  the  dimensions  of  the  wheel,  and  the  square  of  practically  the 
rim  velocity.  The  dimensions  are  often 
fixed  by  general  appearances  of  the 
machine.  The  rim  velocity  is  limited  by 
the  strength  of  the  material  used  in  the 
construction  of  the  wheel. 

Consider  the  rotation  of  a  hoop  (fig.  93) : 
effective  radius,  1  foot;  cross  section, 
1  square  inch. 

To  restrain  the  motion  of  each  element 
of  the  ring  in  its  circular  path,  a  force 
radial  towards  the  centre  must  be  exerted 
on  it,  and 


On  each  element  this  force  = 


gr 


FIG.  93. 


The  resultant  or  total  effect  of  all  these  elementary  forces  is  to  tend  to  rupture 
the  ring  across  a  diametrical  section,  as  AB. 

Wv2 
This  resultant  =  —  —  x  2r  =  centrifugal  force  per  foot  of  rim  x  projected  area, 

t/ 

and  is  resisted  by  two  cross-sectional  areas  each  1  square  inch. 

Taking  /  as  the  safe  working  stress  on  the  cross  section  in  Ibs.  per  square 
inch, 

Wv2 

-X2r 
gr 

Taking  the  material  as  cast-iron,  W,  the  weight  of  1  foot  length  of  rim, 
section  1  square  inch  =  12  x  '26  Ibs. ;  and  /,  the  safe  working  stress  in  Ibs. 
per  square  inch,  being  taken  as  1|  tons,  we  have  for  the  limiting  rim  velocity 


32-2 


=  1-5x2240. 

2  _  1-5x2240x32-2 
12x-26 

•y  =  186  feet  per  second. 

If  a  fly-wheel  is  subjected  to  rapid  variations  of  speed,  important  stresses 
due  to  inertia  may  be  set  up.  Hence  the  rim  speed  of  cast-iron  fly-wheels  is, 
on  the  average,  not  greater  than  7000  feet  per  minute  for  solid  wheels,  and 
5000  feet  per  minute  for  built-up  wheels. 

The  use  or  function  of  the  fly-wheel  depends  upon  the  character  of  the 
work  to  which  it  is  applied,  thus : — 

With  a  reciprocating  steam  engine  its  object  is  to  steady  the  engine  speed. 

With  a  press  or  punching  machine,  its  object  is  to  store  up  energy  to 
produce  a  heavy  blow  for  the  bending  or  shearing  of  material. 

Any  change  in  the  speed  of  a  fly-wheel  must  be  accompanied  by  a  change 
of  stored  energy. 


FLY-WHEEL   FOR   POWER   PUNCH   PRESS. 

Drawing  No.  22. 

THE  wheel  is  keyed  to  and  rotates  the  sleeve  of  a  clutch,  which,  when  thrown 
into  gear  by  a  foot-lever,  operates  the  ram  carrying  the  punch ;  otherwise  the 
wheel  and  clutch  revolve  freely  on  a  stud  pin.  The  press  is  used  for  light 
punching  and  blanking,  and  is  driven  by  a  3  inches  wide  single  leather  belt 
running  on  the  rim  of  this  fly-wheel. 


FIG.  94. — Power  Press  Fly-wheel. 

Draw  to  a  scale  of  quarter  full  size  a  front  elevation,  a  side  elevation,  and 
a  sectional  plan  as  indicated. 

The  normal  speed  of  the  fly-wheel,  running  free,  is  80  revs,  per  minute. 
When  the  clutch  is  thrown  in,  the  wheel  just  pulls  up  dead  when  blanking  and 
punching  a  plate  with  the  dimensions  and  form  shown  in  fig.  95  out  of  hard- 
drawn  sheet  brass  T'7  inch  thick. 

Examples — 

1.  Show  that  the  weight  of  the  fly-wheel  rim  is  270  Ibs. 

2.  Show  that  the  radius  of  gyration  of  the  rim  is  14-25  inches,  and  that 

the  kinetic  energy  of  the  rim  at  80  revs,  per  minute  is  415  foot-lbs. 

3.  Set  out  the  detail  fig.  95,  and  verify  that  the  total  outline  of  the 

area  measures  30'5  inches. 
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4.  To  estimate  the  resistance  offered  by  the  hard  brass  per  square  inch  of 
sheared  area. 
We  have- 
Periphery  of  area  blanked  out,  1675  inches. 
Periphery  of  punched  area,  1075  inches. 
Circumference  of  punched  holes,  3  inches. 
Total  periphery  of  the  detail,  30'5  inches. 

As  this  is  taken  out  of  plate  ^  inch  thick, 

Area  sheared  =  30'5  x  ^g  =  T91  square  inches. 


G/j  radav  g  w/ffs  effrervrff  stated 

Oufside  periphery  *  lb£ 

Jtrs/de  periphery  •*  /o4 

Circutn.  of  holes  *  -3 

' 


FIG.  95. 

Let  F  =  the  mean  resistance  to  shearing  in  Ibs.  per  square  inch  of 
sheared  area. 

Total  resistance  to  shearing     =F  x  T91  Ibs. 

Work  done  in  obtaining  plate  =  F  x  T91  x  ^  X  ^  foot-lbs.    (1) 

Neglecting  friction  in  the  machine  and  any  action  of  the  belt, 
the  work  done  must  equal  the  energy  given  up  by  the  fly-wheel 
as  it  just  comes  to  rest.  From  example  2  this  is  415  foot-lbs. 

F  x  1-91  xTVxf2=  415. 

F  =  42,000  Ibs.  per  square  inch. 

This  number  gives  the  average  resistance  offered  by  the  material, 
assuming  that  a  steady  force  is  applied  throughout  the  whole  of  the 
T\-inch  motion.  Strictly  speaking,  we  have  an  impact  of  a 
moving  against  a  stationary  body. 
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Another  method  of  obtaining  the  average  force  exerted  by  the  punch  during 
the  time  of  the  blow  is  by  considering  the  momentum  transferred,  thus : — 

The  fly-wheel  is  pulled  up  in  a  distance  of  6  inches  along  its  outer  rim,  from 
the  time  the  punch  strikes  the  plate  until  it  stops.  The  time  of  stopping, 
assuming  it  slows  down  uniformly, 

..         ,  6  60      6 

=  twice  the  time  ot  one  ordinary  rev.  x  — —  -    .     =  2  x  ,-r^  x  ^  sec. 

circumference  ot  rim  80     98 

But  we  have 

Force  =  rate  of  change  of  momentum, 
Force  x  time  =  mass  x  change  of  velocity, 

from  which  we  obtain  the  average  force  exerted  on  the  material  during  the 
time  it  is  shearing  through  the  11T  inch  of  material.  Thus 

Force  X  time  =  —  '  x  (velocity  of  radius  of  gyration  —  0). 

<~)L'  2. 

F  ??     1-     o-270     2 .  TT  .  14-25 . 80 

X80X98X    ~32-2X         12.60 

Force  =  900  Ibs. 

That  is,  during  pulling  up  the  rim  exerts  an  average  force  of  900  Ibs. ;  and  this 
is  exerted  for  a  distance  of  6  inches.  Since  the  mechanism  of  the  press  reduces 
this  distance  to  TV  inch,  that  is,  in  the  ratio  1  to  96,  the  force  is  magnified  in 
the  inverse  proportion. 

/.  Average  force  exerted  by  punch  during  blow  =  900  x  96  =  86,400  Ibs. 

Since  the  area  sheared  through  is  T91  square  inches,  the  average  resistance 
to  shear  of  hard-drawn  sheet  brass  is 

45,000  Ibs.  per  square  inch. 

The  first  method  gave  a  less  value,  due  to  the  fact  that  the  kinetic  energy 
taken  is  that  due  to  the  rim  only,  and  neglects  the  effect  of  the  arms  and  boss 
and  belt  action. 


GAS   ENGINE   FLY-WHEEL. 

Drawing  No.  22A. 

SHOWS  part  of  the  single  fly-wheel  used   for  a   10   brake   horse-power  gas 
engine. 

Draw  to  scale  of  one-eighth  full  size — 

A  front  elevation  of  the  complete  wheel,  all  six  arms  being  drawn  in 

correctly. 
An  end  elevation,  the  half  above  the  centre  line  being  in  section,  the  half 

below  the  centre  line  in  outside  view,  all  hidden  parts  being  shown 

dotted.     Fully  dimension  in  millimetres. 


FIG.  96.— Gas  Engine  Fly-wheel. 

The  cross  section  of  the  arm  at  any  point  is  elliptic,  as  shown  at  AB,  the 
width  of  the  arm  being  1|  times  the  thickness. 

The  method  of  setting  out  the  elliptic  section  is  shown  in  fig.  a,  where  each 
semi-axis  has  been  divided  into  four  equal  parts. 

For  greater  accuracy,  a  greater  number  of  points  should  be  taken  along 
each  line.  (Each  of  the  lines  at  right  angles  must  be  divided  into  the  same 
number  of  equal  parts.) 
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Eocample. — Set  out  the  cross  section  of  the  arm  at  the  root,  to  a  scale  of 
full  size.  The  two  axes  will  be  4£  inches  and  3  inches  long  respectively. 
Draw  the  rectangle  and  proceed  as  indicated.  Then  calculate  the  sectional 
area,  noting  that — 

Area  of  ellipse  =  j  (long  axis  x  short  axis}. 

TT 

Use  of  the  Fly-wheel. — Small  gas  engines  work  on  a  four-stroke  cycle. 
For  an  engine  using  town  gas,  one  cycle  will  be — 

First  Stroke. — A  mixture  of  air  and  gas  in  the  proportion  10  to  I  is 
drawn  into  the  cylinder. 

Second  Stroke. — The  mixture  is  compressed.  At  the  end  of  this  stroke 
the  mixture  is  fired,  burns  with  explosive  violence,  with  the  rapid 
liberation  of  heat. 

Third  Stroke. — The  gases  of  combustion  at  high  temperature  and  pressure 
act  on  the  piston,  doing  work  which  is  transmitted  to  the  crank- 
shaft. 

Fourth  Stroke. — The  burnt  gases  are  exhausted  into  the  atmosphere. 

The  fifth  stroke  is  a  repetition  of  the  first,  and  the  cycle  is  again  repeated. 
There  is  at  the  best  only  one  working  stroke  in  every  four — that  is,  one  impulse 
for  every  two  revolutions  of  the  crank-shaft.  During  this  working  stroke, 
enough  heat-energy  has  to  be  transformed  into  mechanical  energy  to  maintain 
the  crank-shaft  energy  for  the  time  of  two  revolutions. 

Of  this  mechanical  energy,  one-fourth  is  given  out,  i.e.  taken  from  the 
crank-shaft  during  the  working  stroke ;  the  remaining  three-fourths  is  taken 
up  and  stored  by  the  fly-wheel,  to  be  given  out  during  the  next  three  strokes, 
during  which  there  is  no  driving  effort  on  the  crank-pin. 

This  storing  and  restoring  of  energy  by  the  fly-wheel  can  only  take  place 
by  the  speed  of  the  wheel  changing,  and,  as  before, 

Energy  in  wheel  =  M  x  revolutions  per  minute2. 

The  amount  of  variation  which  can  be  permitted  depends  altogether  upon  the 
class  of  work  the  engine  is  doing. 

TT,         j.  total  speed  variation  . 

f  or  ordinary  purposes,  -  -in  one  and  the  same  cycle  does 

mean  speed 

not  exceed  £Q. 

For  special  purposes,  such  as  driving  continuous-current  dynamos  for  light- 
ing purposes,  this  should  not  exceed  •£$,  while  for  driving  alternators  in 
parallel  it  should  be  brought  down  to  y|0. 

Example. — Ten  B.H.P.  gas  engine  at  180  revolutions  per  minute.  Weight  of 
fly-wheel  rim  =  1340  Ibs. ;  boss  =  110  Ibs. ;  and  arms  =  360  Ibs. 

For  steadying  purposes  take  the  wheel  as  a  weight  of  1810  Ibs.,  with  a 
radius  of  gyration  2 '42  feet. 

The  engine  works  at  the  steady  rate  of  10  B.H.P.,  making  360  strokes  per 
minute. 

The  energy  taken  from  the  crank-shaft  during  one  stroke  is 

10x33,000 

=920  toot-lbs. 
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The  total  energy  developed  during  the  working  stroke  is  920  x  4  =  3680 
foot-lbs.,  and  of  this  920  x  3  =  2760  foot-lbs.  is  taken  up  by  the  fly-wheel,  and 
its  speed  rises. 

Take  a  minimum  speed  of  180  R.P.M.  The  energy  stored  in  the  wheel  is 
M  x  N2  or  1-8  x  180  x  180  =  58,320  foot-lbs. 

At  the  end  of  the  working  stroke  this  has  increased  to(58,320-f-  2760)  =  61,080 
foot-lbs.,  and  the  revolutions  per  minute  corresponding  to  this  are  given  by 

KE  =  MN2;  or 
61,080  =  1-8  x  N2,  that  is,  184  revolutions  per  minute. 

m,        -  total  speed  variation  _  184  — 180 


mean  speed  182          45'5 

AT*        iru      W-^2  2.,r.R.N 

Afote.  —  KE=    0  —  .     v  =  —  —  .     N=  revolutions  per  minute. 

2g  60 

W   92   **2  T?2 


R  is  the  effective  radius  of  the  wheel,  and  in  this  example,  taking  rim,  arms, 
and  boss  into  account,  R  =  2'42  feet,  so  that  M  becomes  T8,  the  units  being  such 
that,  with  N  in  revolutions  per  minute,  the  energy  is  expressed  in  foot-lbs. 

Examples  — 

1.  When  the  wheel  is  making  180  revolutions  per  minute,  what  is  the 

rim  speed  of  the  wheel  expressed  in  feet  per  second  ? 

2.  Check  the  weights  given  for  the  rim,  arms,  and  boss,  and  show  that 

they  are  approximately  correct. 

weight  of  whole  wheel 

Note  the  ratio,  -       —  =—  TT  —  7—.  —     -  =  r35. 
weight  or  rim 

3.  Explain  the  importance  of  the  wheel  bore  being  a  good  tight  fit  on 

the  shaft,  and  the  key  well  fitted. 


STEAM  ENGINE  FLY-WHEEL. 

Drawing  No.  22B. 

SHOWS  one  quarter  of  a  built-up  fly-wheel  as  used  on  a  2000  H.P.  steam 
engine,  driving  direct  an  electrical  machine  generating  alternating  current, 
and  the  magnet  wheel  of  which  is  bolted  up  direct  to  this  wheel. 


FIG.  97. — Steam  Engine  Fly-wheel. 

Draw  to  a  scale  of  one-sixteenth  full  size — 

A  front  elevation  of  the  complete  wheel.     It  will  be  sufficient  to  show 

the  barring  teeth  for  a  short  length  only  along  the  circumference, 

and  indicate  the  remainder  by  a  dotted  circle. 
A   side  elevation,  showing  the  half   below  the  centre  line  in  outside 

elevation,  and  the  half  above  in  section  along  the  line  CDEFGH, 

just  as  indicated. 

The  parts  of  the  wheel  are  held  together,  and  on  the  shaft,  by  the  two 
shrinkage  hoops  and  the  eight  tee  or  dowel  plates. 

The  hoops  are  turned  all  over,  and  fa  inch  is  allowed  on  the  internal 
diameter  for  shrinkage.  To  make  certain  of  a  good  grip  on  the  wheel  boss, 
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the  fillet  in  the  corner  of  the  wheel  is  taken  out  to  a  less  radius  than  that  to 
which  the  corner  of  the  hoop  is  rounded  off. 

The  dowel  plates  are  machined  on  the  flat  sides  and  between  the  heads, 
the  projections  of  which  are  tapered  back,  so  that,  when  heated  and  dropped 
into  their  sockets,  they  on  cooling  become  dovetailed  in,  after  which  the 
clearance  spaces  round  the  heads  are  run  in  with  lead. 

The  allowance  on  the  length  for  shrinkage  is  -05  inch,  and  they  must  be 
heated  sufficiently  to  allow  the  narrow  dimension  between  the  tee-heads  to 
pass  over  the  front  dimension  of  the  wheel  socket. 

Fig.  97  shows  the  complete  wheel  during  the  process  of  machining. 

Function  of  the  Fly-wheel  in  the  case  of  a  Steam  Engine. — The  speed  of 
the  engine  measured  in  revolutions  per  minute  may  be  quite  constant,  yet 
during  the  time  of  one  revolution  the  speed  may  vary  greatly. 

The  amount  of  variation  which  can  be  allowed  is  fixed  by  the  quality  and 
character  of  the  work  which  the  machinery  driven  by  the  engine  has  to  do. 

The  turning  effort  on  the  crank-pin  during  the  time  of  one  revolution 
varies.  With  a  constant  load,  when  the  effort  is  greater  than  the  load  the 
speed  rises,  and  the  speed  falls  when  the  effort  is  less  than  the  load.  The 
variations  in  turning  effort  are  due  to — 

The  varying  steam  pressure  on  the  piston. 

The   changing   kinetic   energy   in   the   parts   moving   backwards  and 

forwards. 

The  varying  inclination  of  the  connecting-rod. 
In  a  vertical  engine,  the  rise  and  fall  of  the  moving  parts. 

The  variation  due  to  each  of  these  can  be  obtained  separately  and  added 
together  to  give  the  total  variation. 

For  an  engine  at  given  speed,  the  amount  by  which  these  changes  will 
affect  the  speed  depends  upon  the  energy  stored  in  the  wheel,  that  is,  the  weight 
and  diameter  of  the  wheel. 

The  diameter  of  the  wheel  is  usually  fixed  by  general  appearances,  and  for 
safety  the  rim  speed  should  not  exceed  a  value  depending  on  the  material. 

For  small  solid  wheels  the  usual  speed  is  up  to  7000  feet  per  minute. 

For  built-up  wheels  the  usual  speed  is  up  to  5000  feet  per  minute. 

Small  wheels  are  sounder  and  more  free  from  internal  casting  strains,  and 
can  therefore  run  faster. 

Examples — 

1.  What  is  the  periphery  or  rim  speed  of  the  wheel,  Drawing  No.  22B, 

expressed  in  feet  per  second,  at  150  revolutions  per  minute  ? 

2.  The  wheel  rim,  disc,  and  hub  are  of  cast-iron,  and  the  tees  and  hoops 

are  of  mild  steel.  Verify  that  the  approximate  weights  are  :  rim, 
29'7  tons;  disc,  1T7  tons;  hub,  3'25  tons;  hoops,  2'5  tons:  tees, 
•525  ton ;  total,  47'675  tons. 

3.  The  stored  energy  in  a  fly-wheel  being  4  foot-tons  per  electrical  horse- 

power, how  many  seconds'  work  of  the  engine  does  this  cor- 
respond to  ? 

4.  The  fly-wheel  only  of  a  steam  engine  giving  800  kilowatts  at  175 

revolutions  per  minute,  and  used  for  C.C.  lighting  and  driving  of 
workshops,  stores  4,500,000  foot-lbs.  of  energy.  Express  this  as 
so  many  seconds'  work  of  the  engine. 
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Drawing  No.  23. 

THE  cast-steel  yoke  casting  is  keyed  to,  and  rotates  with,  the  shaft,  which  is 
turned  at  a  speed  of  750  revolutions  per  minute  by  a  raw  hide  pinion  keyed 
on  one  end.  The  outline  of  the  casting  is  an  octagon  or  eight-sided  figure, 
11£  inches  across  the  faces,  easily  drawn  in  by  using  an  auxiliary  circle  and  the 
45°  set  square.  Attached  to  the  periphery  are  eight  magnet  poles  built  up  of 
laminated  iron,  steel  castings,  and  copper  insulated  winding.  For  convenience 
in  building  up  and  repair  in  case  of  breakdown,  the  poles  are  constructed  so  that 
each  pole  can  be  removed  from  the  machine  complete  in  itself.  It  is  necessary 
to  securely  fix  each  pole  to  the  rim  of  the  wheel,  so  that  there  is  no  danger 
of  any  part  coming  loose. 

Draw  to  a  scale  of  three-quarters  full  size  two  views  of  the  wheel  detail, 
one  view  being  an  outside  front  elevation,  the  other  view  showing,  one  side 
the  centre  line,  one  half  a  section  across  the  line  AB,  the  other  half  a  section 
across  BC,  the  other  side  a  side  elevation  in  outside  view. 

The  size,  that  is,  the  amount  of  material  required,  and  therefore  the  cost,  of 
many  electrical  machines  is  determined  by  the  heating  or  temperature  rise 
which  can  be  allowed  to  take  place.  This  heating  is  due  to  the  conversion  of 
electrical  into  heat  energy  by  (1)  the  electrical  resistance  of  the  conductors, 
(2)  the  resistance  to  changes  of  magnetism  in  the  iron  circuits.  The  better  a 
machine  is  ventilated,  the  less  hot  it  will  get,  the  smaller  and  cheaper  it  can 
be  made.  The  cored  holes  in  the  plate  arms  and  through  the  rim  are  to  facilitate 
ventilation,  cold  air  coming  in  through  the  side  webs  and  passing  out  at  the 
rim  to  the  parts  which  require  cooling. 

Oil-throwers  (fig.  98). — At  the  medium  and  high  speeds  at  which 
electrical  machinery  is  run,  any  oil  creeping  along  the  shaft  will  be  thrown  off 
by  centrifugal  effect  into  the  electrical  part  of  the  machine,  which  may  in  time 
cause  serious  deterioration,  ultimately  leading  to  breakdown.  It  is  equally 
objectionable  to  have  the  oil  thrown  all  about  the  neighbourhood  of  the 
machine. 

Drawing  No.  23A. — Draw  to  a  scale  of  three-eighths  full  size  the  wheel  shaft, 
and  make  full-size  details  of  the  oil-throwers  on  it. 

The  idea  is  to  provide  faces  at  right  angles  to  the  length  of  the  shaft.  Oil 
travelling  along  the  shaft  turns  up  the  perpendicular  face  and  is  thrown  off 
the  edge  by  centrifugal  force  into  suitable  receptacles.  The  oil-thrower  at  F 
is  turned  solid  on  the  shaft ;  the  others  are  loose,  to  facilitate  assembly.  Once 
the  magnet  wheel  has  been  forced  and  fixed  on  the  shaft  by  the  two  keys 
indicated,  it  is  not  necessary  to  remove  it ;  hence  the  thrower  at  E  is  fixed  on 
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the  shaft  by  forcing  it  on.     At  D  and  G  they  are  fixed  by  grub-screws  and 
are  readily  removable. 
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FIG.  99. 


Example.— Make  a  table  giving  the  shaft  diameter,  which  is  accurate,  and 
the  bore  of  the  boss  for  forcing  fits,  for  shafts  from  1  to  4  inches  diameter. 

Magnets.— Each  magnet  is  built  up  from  stampings  of  the  shape  shown  in 
fig.  99,  made  from  well-annealed  steel  sheets  20  mils  thick,  which  have  had 
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paper  1-5  mils  thick  pasted  on  one  side  only.  The  stampings  are  built  up  side 
by  side  so  as  to  make  a  thickness  of  6  inches  when  pressed  tightly  together  and 
held  firmly  by  the  cast-steel  side  clamps  (fig.  100),  the  whole  being  held 
together  by  the  three  mild-steel  rivets  |  inch  diameter,  with  ends  countersunk, 
and  increasing  to  f  inch  diameter  in  a  length  of  £  inch. 

Drawing  No.  23s. — Draw  to  a  scale  of  full  size  a  complete  pole  showing— 

An  end  elevation. 

A  side  elevation,  half  in  section,  half  in  outside  view. 

A  plan  looking  on  the  under  side. 
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Each  complete  pole  has  its  body  part  insulated  by  presspahn  ^  inch  thick 
wrapped  round  to  form  four  layers,  then  four  end  washers  of  ^-inch  presspahn 
split  and  put  two  on  each  end.  The  pole  is  then  swung  in  the  lathe  and 
wound  with  939  turns  of  No.  18s  standard  wire  gauge  double  cotton-covered 
copper  wire  (high  conductivity  for  electrical  purposes),  giving  a  coil  as  shown 
in  fig.  101.  The  wire  is  wound  tight,  being  well  held  together  by  tape 
during  winding,  particular  care  being  taken  with  the  end  or  finishing  turn. 

When  assembled,  adjacent  coils  are  connected  start  to  start  and  end  to  end, 
so  that  poles  are  magnetised  alternately  north  and  south,  the  two  free  end 
leads  being  cleated  to  the  wheel,  and  connected  to  slip-rings  mounted  on 
the  shaft.  See  Drawing  No.  24. 
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FIG.  101. 

Draiving  No.  23c. — Draw  to  a  scale  of  half  full  size  a  complete  arrange- 
ment of  the  magnet  wheel,  as  indicated  by  fig.  102,  giving — 

A  front  elevation. 

A  side  elevation  above  the  centre  line  in  section  across  the  vertical 
centre  line,  below  the  centre  line  in  outside  view. 


FIG.  102. 


Examples — 

1.  The  shaft  and  rotor  making  750  revolutions  per  minute,  verify  that 

the  periodicity  of  the  E.M.F.  produced  in  the  stator  winding  is  50. 

2.  Verify  that  the  mass  centre,  i.e.  centre  of  gravity,  of  each  pole  is 
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•625  feet  from  the  shaft  centre,  and  find  the  velocity  on  this 
circle  at  750  revolutions  per  minute. 

3.  Verify  that  the  weight  of  each  pole  is  roughly  75  Ibs.,  made  up  of : 

stampings,  45  Ibs.;  castings,  13  Ibs.;  winding,  15  Ibs.;  margin,  2  Ibs. 

4.  Each  pole  is  held  to  the  rim  by  two  f  inch  square  steel  keys,  7£  inches 

long  when  finished,  and  carefully  bedded  to  be  a  tight  driving-in 
fit.  To  find  the  pull  on  these  keys,  when  the  wheel  is  rotating, 
note  that — 

Every  body  in  motion  tends  to  move  with  uniform  velocity 
along  a  straight  line.  If  the  body  has  to  move,  say,  in  a  circular 
path,  then  some  force  is  necessary  to  constrain  its  motion  and  make 
it  move  in  that  path. 

W 

Force  =  —  x  acceleration  =  Ibs. 

9 

For  a  body  moving  in  a  circle  the  acceleration  is  velocity 
squared,  divided  by  the  radius  of  the  circle. 

W?;2 

CF  =  —  Ibs. 
gr 

Examples  2  and  3  furnish  the  data  which  are  required  to  com- 
plete the  example. 

5.  Set  out  to  a  scale  of  quarter  full  size  a  general  arrangement  of  the 

alternator,  taking  the  stator  or  frame  from  the  specimen  white 
print,  fig.  11 ;  end  bearings  from  Drawing  No.  17c,  1 ;  magnet 
wheel  and  shaft,  Drawing  No.  23 ;  and  slip-rings  from  Drawing 
No.  24.  Show  a  side  elevation,  above  the  centre  line  in  section, 
below  in  outside  view ;  an  end  elevation,  the  left-hand  half  in 
section,  and  the  right-hand  half  in  outside  view. 
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Drawing  No.   24. 

To  circulate  current  through  the  winding  (fig.  101),  so  as  to  excite  the  magnets 
(fig.  102),  some  form  of  rubbing  contact  is  necessary.  The  slip-rings  shown 
consist  of  a  cast-iron  supporting  sleeve  keyed  on  the  shaft  with  a  £  inch  by 
f  inch  sunk  key,  and  having  six  arms  equally  pitched,  bored  j^  inch  for  the 
fibre  insulating  tube,  and  holding  the  clamping  bolts.  Four  of  the  bolts  clamp- 
ing the  slip-rings  to  the  sleeve  are  entirely  insulated  from  the  sleeve  and  rings 
by  fibre  bushes,  washers,  and  rings.  The  other  two,  diametrically  opposite  each 
other,  have  an  extra  nut,  and  take  the  end  connections  from  the  pole  windings, 
these  connections  being  cleated  to  the  magnet  wheel,  one  of  these  bolts 
being  in  metallic  contact  with  one  slip-ring,  the  second  with  the  other  slip-ring, 
through  the  brass  and  copper  washers  shown. 

Two  copper  gauze  brushes  under  spring  pressure  bear  on  each  ring, 
supported  in  two  long  and  two  short  brush -holders,  which  are  connected  to 
the  external  exciting  circuit  and  carried  by  the  cast-iron  brush-ring,  being 
insulated  from  it  by  the  split-fibre  bush  inserted  in  the  split  boss  gripping  the 
holder.  The  brush-ring  has  four  split  bosses,  the  one  on  the  vertical  and  one 
60°  to  the  left  carrying  short  brush-holders,  the  other  two,  60°  and  120°  to  the 
right,  carrying  long  brush-holders.  The  brush-ring  is  usually  carried  from 
the  inside  end  of  the  end  bearing  (refer  to  fig.  74),  which  is  collared  up  and 
turned,  the  ring  being  bored  to  fit  on,  and  then  fixed  by  three  equally  spaced 
countersunk  screws  as  shown  at  A. 

Draw  to  a  scale  of  full  size  the  views  shown  in  fig.  103 — 

A  side  elevation  above  the  centre  in  section  below  in  outside  view. 

An  end  elevation  of  the  brush-ring. 

Half  the  end  elevation  looking  in  at  slip-ring  side  of  the  arrangement. 

Example. — Make  fully  dimensioned  detail  drawings  as  indicated  in  fig.  104. 
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FIG.  104.— Slip-ring  Details. 

Example. — Write  out  a  schedule  for  all  the  details  required,  giving  card 
number,  description,  material,  number  off,  and  pattern  number. 


COMMUTATOR. 

Drawing  No.   24.\. 

AN  essential  and  important  detail  of  a  continuous-current  dynamo  or 
motor  is  the  commutator,  which  enables  current  uni-directional  in  character 
to  be  obtained  and  used.  It  consists  of  a 
ring  of  copper  segments  on  which  the 
brushes  connected  to  the  external  circuit 
rub.  As  shown,  the  gun-metal  V  ring  is 
forced  on  the  shaft  and  driven  by  the  sunk 
key.  To  insulate  the  current-carrying 
bars  from  the  shaft,  and  thus  from  the 
frame  of  the  machine,  the  presspahn  ring 
is  slipped  on  the  V  ring,  then  the  coned 
mica  ring  and  the  tubular  mica  ring. 
The  commutator  bars  with  strips  of  mica 
between,  thus  insulating  them  from  each 
other,  are  slipped  into  the  V  groove,  and 
the  end  coned  and  tubular  mica  rings  put 
in  position,  the  whole  being  clamped  and 
wedged  up  tight  by  the  gun -metal  end 
nut,  which  is  retained  and  locked  in 
position  by  the  grub-screw.  Each  com- 
mutator bar  has  its  end  slotted  so  that 
the  armature  conductors  can  be  readily 
sweated  up  to  it. 

Make  a  drawing  to  a  scale  of  full  size,  showing  the  general  arrangement, 
and  separately  each  detail  of  the  commutator  fully  dimensioned. 

Examples — 

1.  State  what  machining  is  necessary  on  each  of  the  above  details. 

2.  Explain   how   a  commutator  may  be  skimmed  up  in  position,  and 

say  what  are  the  causes  which  make  this  trueing  up  necessary, 
and  how  they  may  be  reduced  so  as  to  have  minimum  effect. 


FIG.  105. — Motor  Armatures. 
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CONNECTING-ROD  FOR  STEAM  ENGINE. 


Drawings  Nos.  25  atid  25A. 

IN  a  steam  or  gas  engine,  to  convert  the  backward  and 
forward  motion  of  the  piston  into  rotary  motion  of  a 
shaft,  so  that  energy  may  be  more  easily  transmitted, 
a  crank  connecting-rod  mechanism  is  used.  In  the  con- 
necting-rod the  stress  is  alternately  a  compression  and 
a  tension,  any  slack  in  the  joints  tending  to  give  a  knock 
each  time  the  stress  is  reversed.  Keeping  the  bearings 
full  of  lubricant  tends  to  deaden  the  noise. 

The  position  of  the  piston  in  the  cylinder,  and  its  end 
clearances,  depend  upon  the  length,  that  is,  the  centres, 
of  connecting-rod,  and  any  adjustments  made  for  wear 
should  not  alter  the  distance  between  the  centres.  Acting 
as  a  strut,  and  at  the  same  time  oscillating,  its  dimensions 
have  to  be  carefully  determined.  The  rod  is  machined 
from  a  mild  steel  forging,  the  pin,  bolts,  and  nuts  turned 
from  mild  steel  bar,  and  the  bearing  made  of  hard  white 
metal. 

Draiv  to  a  scale  of  half  full  size,  obtaining  all  curves 
geometrically,  a  front  elevation  and  a  plan  of  the 
complete  rod. 

Examples — 

1.  Make  a  sketch  of  the  forging  from  which  the 

rod  would  be  machined,  giving  dimensions  so 
as  to  allow  for  necessary  machining. 

2.  The  rod  and   bolts  being  made  from  the  same 

quality  material,  compare  the  sectional  area 
of  the  two  bolts  and  the  rod. 

3.  Write  out  an  explanation  as  to  how  the  cross- 


FIG.  106. — Connecting- 
rod. 


head  pin  is  lubricated.     Note  its  journal  bearing  is  fixed  in  the 
end  or  the  piston-rod. 
4.  On  the  drawing,  write  out  a  description  of  the  method  used  to  obtain 
the  face  curves  formed  by  the  round  rod  meeting  the  flat  and 
forked  ends. 
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CRANK-SHAFT. 

Drawing  No.  26. 

THE  crank-shaft  forging  is  made  from  mild  steel  having  a  tensile  strength 
of  from  28  to  32  tons  per  square  inch,  with  an  elongation  of  30  per  cent,  in 
2  inches.  The  drag  or  fly-crank,  made  of  cast-iron,  is  fitted  to  the  crank -pin  and 
drives  the  oil-pump,  3-inch  stroke,  which  lubricates  the  bearings.  The  oil, 
after  straining,  enters  the  drag  crank  through  a  union  joint,  surfaces  held  tight 
by  a  spring,  on  the  centre  line  of  the  shaft ;  passing  along,  it  lubricates  the 
crank-pin,  the  main  bearing,  and  if  required  the  eccentric.  The  oil  pressure  at 
the  crank-pin  enables  it  to  be  taken  through  and  along  the  connecting-rod  to 
lubricate  the  crosshead  pin  and  the  guide  bars.  The  oil  pressure  required,  24 
to  25  Ibs.  per  square  inch,  is  not  by  any  means  the  maximum  pressure  on  the 
bearing,  but  only  sufficient  to  force  the  oil  into  the  bearing  when  the 
pressure  is  reduced  on  one  side.  On  the  return  stroke  the  time  is  not  suffi- 
cient to  squeeze  the  oil  from  between  the  surfaces  before  the  pressure  is  again 
reduced  and  the  oil  supply  renewed. 

The  fly-wheel  is  keyed  on  the  shaft  by  two  keys  at  right  angles,  and  the 
low-pressure  crank-pin  at  the  other  end  follows  behind  the  high-pressure  pin 
in  the  direction  of  rotation  by  90°.  The  crank  balance  weights  are  fixed  by  the 
screws  indicated. 

Draw  to   a   scale   of   2    inches   to    1    foot,    fully    dimensioned,    a    side   • 
elevation  and  an  end  elevation  of  the  complete  shaft,  showing  the  drag  cranks 
in  position. 

Examples — 

1.  Sketch,  with  dimensions,  a  cast-iron  crank,  and  explain  how  it  is  fixed 

on  the  shaft. 

2.  Sketch  and  describe  the  correct  way  to  fix  a  loose  crank -pin  into 

the  crank. 

3.  What  is  the  function  of  the  crank  balance  weight  fixed  as  indicated  ? 

4.  Estimate  the  weight  of  material  in  the  shaft  shown. 

5.  What  machining  allowances  would  be  given  on  the  forging  from 

which  shaft  is  machined  ? 
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PISTON-ROD  AND  GROS8HEAD. 

Drawing  No.  27. 

IN  the  crank  connecting-rod  mechanism,  some  arrangement  must  be  pro- 
vided to  relieve  the  piston-rod  of  a  bending  action  due  to  the  resultant  force 
on  the  piston-rod  connecting-rod  joint.  This  usually  consists  of  slippers  attached 
to  the  piston-rod  end,  sliding  on  and  supported  by  guide  bars  attached  to  the 
engine  framing. 

On  the  out  stroke,  so  long  as  the  piston-rod  pushes  the  connecting-rod,  the 
thrust  is  downwards;  but  before  the  end  of  the  stroke  is  reached,  due  to 
exhaust  port  closing,  and  pre-admission  of  steam,  with  the  idea  of  bringing  the 
moving  parts  to  rest  with  the  least  amount  of  shock,  the  effective  pressure  on 
the  piston-block  is  reversed,  the  connecting-rod  pulls  on  the  piston-rod,  and 
the  direction  of  the  thrust  becomes  upwards.  Also,  when  steam  is  shut  off 
and  the  engine  is  turning  and  slowing  down,  the  thrust  is  upwards.  Thus,  for 
a  forward  or  clockwise  direction  of  rotation  the  main  thrust  is  downwards, 


THRUST  or*  GUIDE  S^fo. 


FIG.  107. 


but  there  is  also  an  opposite  thrust  to  be  taken  into  account.     For  this  reason 
the  bottom  or  main  slipper  often  has  the  largest  sliding  area. 
Draw  to  a  scale  of  half  full  size,  showing  completely— 
A  front  elevation. 
A  side  elevation. 
A  plan  half  in  section  across  the  centre  line  of   the   piston-rod,  and 

half  in  outside  view. 

The  slippers  and  guides  are  lubricated  from  the  crosshead  pin  by  the  oil- 
ways  shown,  the  slippers  being  lined  with  white  metal.  If  heating  should 
take  place,  the  white  metal  will  run  out  and  so  avoid  the  scoring  which  would 
take  place  with  cast-iron  on  cast-iron.  To  obtain  accurate  centring,  the 
slippers  are  turned  up  when  fixed  to  the  rod  end.  The  crosshead  pin  bearing 
is  of  hard  white  metal  run  in  the  cast-steel  cap  and  the  cast-steel  step. 

Examples — 

1.  Make   detail   drawings,  fully  dimensioned,  of    the    separate    parts 

making  up  the  complete  crosshead. 

2.  What  is  the  object  of  necking  down  the  body  part  of  the  bolts  ? 

3.  Compare  the  sectional  areas  of  the  piston-rod,  crosshead  pin,  and  the 

two  bolts. 
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GOVERNOR. 

Drawing  No.  28. 

THE  speed  of  the  engine  during  the  time  of  one  revolution  is  kept  within 
defined  limits  by  the  use  of  the  fly-wheel.  To  keep  the  speed  constant  over 
longer  time-intervals  is  the  function  of  the  governor.  Take  the  case  of  a 
steam  engine :  if  the  load  increases,  the  mean  effective  pressure  on  the  piston 

must  be  increased,  while  if  the  load  falls  off  the 
pressure  must  be  reduced ;  otherwise  the  speed  would 
fall  or  rise  until  the  resistance  equalled  the  effort. 
A  governor  regulates  the  pressure  on  the  piston  by 
operating  on  (1)  the  point  of  cut-oft' of  the  valve,  (2) 
the  throttle  valve.  In  a  gas  engine  it  regulates  the 
gas  admission,  and  in  an  oil  engine  the  quantity  of 
oil.  Fig.  108  is  an  illustration  of  the  governor. 
Draw  to  a  scale  of  full  size — 

A  front  elevation  showing  the  central  weight 

in  section. 
An  end  elevation. 
A  sectional  plan  through  the  lower  arm  pins. 

FIG.  108.— Governor.  The  governor  depends  for  its   action  upon   the 

effect  of  centrifugal  force.      As  the  speed  rises  the 

balls  tend  to  fly  outwards,  and  for  a  simple  governor,  that  is,  one  without 
central  control,  the  height  of  the  cone  of  revolution  of  the  balls  is  given  by 

h  =  35,250  -r  N2  inches.     N  =  revolutions  per  minute  of  balls. 

For  a  central  loaded  governor  in  which  the  central  weight  is  lifted  twice  as 
fast  as  the  balls  rise, 


35,250     A  +  2B 


inches. 


A  =  weight  of  both  balls  in  Ibs. 
B  =  central  weight  in  Ibs. 


Examples — 

1.  In  this  example,  what  is  the  ratio  between  the  weight  of  one  ball  and 

that  of  the  central  weight  ? 

2.  What  speed,  in  revolutions  per  minute,  will  just  bring  the  central 

weight  against  the  top  stop,  that  is,  h  =  3'875  inches  ?  Verify  this 
value  for  h  by  reference  to  the  drawing,  and  setting  out  the  ball 
motion. 

3.  What  speed,  in  revolutions  per  minute,  just  begins  to  lift  the  governor 

off  the  bottom  stop  (neglecting  friction)  ?     h  =  4'325  inches. 

4.  What  is  the  object  in  using  a  spring  instead  of  a  central  weight  ? 
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STOP   VALVE. 

Drawing  No.  29. 

THE  function  of  a  valve  is  to  regulate  and,  if  necessary,  interrupt  the  flow 
of  energy  along  a  main.  Take  the  governor.  Drawing  No.  28  :  when  the  effort 
is  greater  than  the  load,  the  speed  rises,  the  balls  fly  out,  the  clutch  on  the 
sliding  sleeve  is  raised,  and  by  suitable  link-work  may  operate  a  valve,  and  so 
restrict  the  flow  of  steam  to  the  engine  cylinder,  adjusting  the  effort  to  the 
load  and  the  constant  speed  required.  Such  a  valve  is  called  a  throttle  valve 
(Drawing  29A),  as  by  restricting  the  flow  it  reduces  the  steam  pressure. 

To  entirely  cut  off  or  regulate  the  steam  supply  by  hand  a  stop  valve  as 
here  shown  is  used.  It  consists  of  a  cast-steel  body  into  which  a  gun-metal 
seating  is  forced ;  a  disc,  mushroom,  or  seated  valve  closing  on  this  seat  being 
operated  by  the  square  thread  screw  and  hand- wheel. 

Draw  to  a  scale  of  quarter  full  size — 

A  front  elevation,  half  in  section,  half  in  outside  view. 
A  side  elevation. 

A  plan,  half  in  section  through  centre  line  of  valve,  half  in  outside 
view. 

The  great  difficulty,  using  steam  at  high  pressure  and  temperature,  is  to 
maintain  a  tight  joint,  a  small  leak  developing  by  grooving  into  a  serious  one. 
Mushroom  valves  are  liable  to  stick  on  their  seats,  due  to  temperature  effects. 
Thus,  if  valve  is  firmly  shut  when  cold,  steam  entering  under  side  of  valve 
expands  seating  and  disc  more  than  body  casting,  and  disc  jams  into  seat. 
Steam  entering  on  top  side  of  valve  expands  the  spindle,  jamming  the  valve 
into  its  seat  or  the  operating  spindle  in  its  nut. 

Preferably  the  valve  and  its  seat  should  be  able  to  expand  independent  of 
the  valve  box,  and  should  not  warp,  soften,  or  deteriorate  at  high  temperatures. 

Large  valves  above  5  inches  diameter  should  be  by-passed,  and  all  valves 
should  be  opened  slowly  and  with  caution,  as  sudden  opening  may  produce  a 
shock  sufficient  to  rupture  the  main. 

Examples — 

1.  For  each  flange,  what  is  the  distance  from  centre  to  centre  of  bolt, 

expressed  as  so  many  times  the  bolt  diameter  ? 

2.  The  theoretical  lift  of  a  valve,  corresponding  to  a  full-bore  opening, 

is  one-quarter  of  the  valve  diameter.    From  your  own  observations, 
say  if  it  is  usual  to  open  a  valve  to  this  extent. 

3.  For  further  examples  refer  to  page  217. 
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THROTTLE   VALVE. 

Drawing  No.  29A. 

IN  its  simplest  form  this  is  of  the  piston  type,  as  shown,  which  is  in  perfect 
equilibrium  and  does  not  offer  any  resistance  to  the  action  of  the  governor,  but 
has  the  disadvantage  of  soon  becoming  leaky,  and  cannot  be  adjusted  to  a  tight 
fit.  A  modification  is  to  make  the  valve  seating  in  the  form  of  a  cage  let 
into  the  valve  casing. 

Draw  to  a  scale  of  half  full  size — 

An  outside  front  elevation. 

A  side  elevation  in  section  including  the  stuffing  box. 

A  plan  in  section  across  the  line  EF. 

Examples — 

1.  The  valve  motion  is  derived  from  a  governor  similar  to  that  shown 

in  Drawing  No.  28.  Make  a  line  diagram  indicating  relative 
positions  of  the  governor  balls  and  the  throttle  valve. 

2.  State  the  objections  which  may  be  raised  against  the  use  of  a  packed 

gland  to  maintain  the  valve  spindle  steam-tight  as  it  slides  through 
the  cover.  Sketch  and  describe  an  alternative  arrangement  in 
which  the  use  of  packing  is  dispensed  with. 

3.  Pipe  flanges  are  made  standard  for  pressures  up  to  55,  125,  225,  or 

325  pounds  per  square  inch.  Make  a  table  showing  bore  of  pipe, 
number  of  bolts,  diameter  of  bolts,  diameter  of  pitch  circle,  thick- 
ness of  flange,  and  flange  diameter,  for  pipes  from  1^  to  12  inches 
diameter,  and  suitable  for  a  working  pressure  of  200  pounds  per 
square  inch. 
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CYLINDER  RELIEF   VALVE. 

Drawing  No.  29fi. 

IN  a  reciprocating  engine  the  moving  parts  come  to  rest  at  the  end  of  each 
stroke.  To  facilitate  this,  the  exhaust  valve  is  closed  before  piston  has  completed 
the  stroke,  and  steam  valve  does  not  open  until  piston  is  just  about  on  the  end 
of  the  stroke.  For  economy  in  working  the  clearance  volume  between  piston 
and  cylinder  end  is  reduced  to  a  minimum.  Water  may  be  present  in  the 
cylinder,  due  to  priming  or  condensation.  If  the  volume  of  water  at  end  of 
stroke,  when  all  valves  are  closed,  is  greater  than  clearance  volume,  it  can  only 
escape  by  lifting  valves  off  their  seat,  forcing  itself  past  the  piston,  or  doing 
damage  unless  a  relief  valve  (see  fig.  107)  is  fitted  to  provide  an  outlet. 
Draw  to  a  scale  of  three-quarters  full  size — 

A  sectional  elevation. 

A  sectional  plan  across  AB. 

An  end  elevation  correctly  projected. 

The  use  of  relief  valves  reduces  cost  of  maintenance  on  valves  and  pistons, 
prevents  broken  and  leaky  joints  and  broken  cylinder  ends. 

Examples — 

1.  How  would  you  arrange  for  machining  the  ball  valve  ?     How  is  the 

valve  ground  in  to  its  seat  ? 

2.  Detail   the   valve   seat,  showing   how   it   is  machined  to  facilitate 

riveting  over  after  being  forced  into  position. 

3.  The  spring  casing  is  made  of  gun-metal.     Make  a  rough  sketch  of 

the  pattern  and  core  box  from  which  the  mould  for  the  detail 
would  be  prepared. 

4.  Make  a  sketch  of  the  pattern  from  which  the  gun-metal  valve  would 

be  cast. 
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PISTON  VALVE. 

Drawing  No.  29c. 

Draw  to  a  scale  of  half  full  size  the  piston  valve  and  liner  given,  showing — 

1.  Piston  valve  complete  with  rings  in  position, 

2.  Liner, 

in  each  case  by  a  front  elevation  and  a  plan,  each  being  half  in  section  and 
half  in  outside  view. 

To  pass  steam  through  the  cylinder,  in  such  a  way  that  the  engine  is  made 
automatic  in  its  working,  valves  are  fitted  and  operated  on  a  definite  cycle 
(fig.  109):- 

1.  Steam  admission :  commencing  with  the  crank  at  A,  continuing  until 

the  crank  reaches  some  position  B. 

2.  Expansion.     The  cylinder  is  closed,  the  steam  expanding  doing  work 

while  the  crank  moves  from  B  to  C. 

3.  Exhaust.     The  cylinder  is  put  in  communication  with  the  exit ;  the 

steam,  having  done  its  work,  is  passed  out,  to  do  further  work  in 
other  cylinders,  into  the  atmosphere,  or  into  the  condenser,  while 
the  crank-pin  moves  from  C  to  D. 


FIG.  109. 
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216  MECHANICAL  DRAWING. 

4.  Compression.  With  crank  at  D,  the  valve  closes  the  cylinder  to  ex- 
haust ;  the  vapour  trapped  is  compressed  up  into  the  end  of  the 
cylinder,  helping  to  bring  the  moving  parts  to  rest  and  reducing 
the  volume  of  steam  required  to  fill  the  clearance  spaces,  when 
the  crank-pin  gets  to  A  and  the  valve  opens  to  steam  admission. 

What  has  been  considered  for  one  side  of  the  piston  is  equally  true  of 
the  other  side,  the  actions  taking  place  being  just  the  same,  but  one  stroke 
later.  The  valve  may  be  operated  by  an  eccentric  (see  Drawing  No.  9,  Card 
No.  2),  by  cams,  or  by  gearing. 

For  a  high-pressure  cylinder  a  piston  valve  is  usually  made  two-thirds 
cylinder  diameter,  and  half  cylinder  diameter  for  a  low-pressure  cylinder. 

The  simplest  form  of  valve  is  the  flat  D  slide  valve,  which  has  the  disadvan- 
tages of  friction  due  to  the  heavy  pressure  carried,  warping  due  to  temperature 
changes  and  the  use  of  flat  containing  surfaces.  To  remove  these  a  balanced 
D  valve  is  sometimes  used,  or  more  often  a  valve  of  the  piston  type,  with 
usually  spring  rings  to  maintain  it  steam-tight. 

For  superheated  steam,  balanced  drop  valves  have  advantages  as  regards 
lubrication,  warping,  and  tightness  over  piston  valves. 

Examples — 

1.  Set  out  a  simple  flat  D  slide  valve,  suitable  for  a  12-inch  cylinder, 

to  the  following  dimensions : — Centre  line  of  spindle  3  inches  from 
valve  face ;  spindle,  1£  inches  diameter ;  steam  port,  10  J  inches  long, 
1  inch  wide ;  width  of  bridge,  f  inch ;  width  of  exhaust,  2£  inches ; 
outside  or  steam  lap,  f  inch ;  inside  or  exhaust  lap,  ^  inch ; 
valve  travel,  3£  inches ;  lead,  ^  inch.  Show  the  valve  spindle, 
and  indicate  clearly  how  it  is  attached  to  the  valve. 

2.  Explain,  using  a  sketch,  how  the  pressure  on  the  back  of  a  simple 

D  slide  valve  may  be  relieved. 

3.  What  advantages  are  obtained  by  using  separate  steam  and  exhaust 

valves  ?     Sketch  in  detail  a  cylinder  in  which  such  valves  are  used. 

4.  Show  how,  by  means  of  a  valve  diagram,  the  crank  positions  at  which 

admission,  cut-off,  release,  and  compression  take  place  can  be 
determined  from  the  valve  and  eccentric  particulars. 


OIL-PRESSURE   REGULATING  VALVE. 


Drawing  No.  29D. 

To  regulate  the  passage  of  a  liquid  a  pin  valve  as  shown  is  used, 
actual  example  is  used  to  regulate 
the  oil-pressure  in  the  forced  lubrica- 
tion system  of  a  steam  engine, 
keeping  the  pressure  steady  about 
25  Ibs.  per  square  inch.  To  prevent 
damage  if  the  oil-pressure  should 
rise,  a  relief  valve,  to  go  at  75  Ibs. 
per  square  inch,  is  fitted. 

Draw  to  a  scale  of  full  size  the 
valve,  spindle,  and  containing  casting 
only,  showing  a  section,  an  outside 
end  elevation,  and  a  plan. 

Examples — 

1.  Drawing   No.    29.      On   a 

line  parallel  to  AB  pro- 
ject the  section  made  by 
a  plane  containing  the 
line  AB,  and  state  the 
area  of  the  opening -in 
square  inches.  Compare 
this  area  with  that  of 
the  pipe. 

2.  Drawing   No.    29.      Make 

fully  dimensioned  detail 
drawings  of  all  the 
details  required  for  the 
stop  valve.  Arrange 
your  drawings  for  a 
card  system. 

3.  Limiting  the  steam  velocity 

to  5000  feet  per  minute, 
what  diameter  of  stop 
valve  is  required  for 
a  cylinder  12  inches 
diameter,  the  piston 
speed  being  500  feet 
per  minute  ? 

4.  Drawing  No.  29.     What  is 

the  stress  in  Ibs.  per 
square  inch  area  at  the 
base  of  the  threads,  on  

the  bolts  holding  down  " 

i/u»  v~j~  «~,™,.  ?  ad\lE  hilL 
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5.  Sketch  a  sluice  valve.     State  its  advantages  and  disadvantages  as 

compared  with  a  mushroom  valve. 

6.  Show  that,  with  a  valve  the  same  diameter  as  the  steam-pipe,  the 

theoretical  lift  of  the  valve  to  obtain  unrestricted   opening  is 
one-quarter  the  diameter. 

7.  Sketch  a  balanced  seated  valve,  i.e.  a  drop  valve.     What  are  its 

advantages  when  superheated  steam  is  used  ? 

8.  Under  what  conditions  would  studs  be  used  instead  of  bolts  for  a 

flanged  joint  ?     Sketch  an  example.     Show  how  to  find  the  pitch 
and  diameter  of  the  studs  required. 

9.  Drawing  No.  29s.     The  spring  is  screwed  down  to  open  just  above 

the  working  pressure,  and  for  its  dimensions  — 

,-,  _  free  length  —  length  fully  compressed  _  *75  .     , 

number  of  coils  in  spring  10 

D  =  diameter  of  coil  =  2  inches. 
W  =  load  to  produce  compression  E  =  working  pressure  X  valve  area 

=  150  x  -7854  x  2  x  2  =  475  Ibs.  say. 
C  =  constant  =  30  for  square  steel. 
d  =  side  of  square  section  in  sixteenths. 


d=  |  inch. 

10.  Drawing  No.  29D.  Pin  valves  are  also  used  for  regulating  the  flow 
of  water  under  high  pressure.  Describe,  with  necessary  sketches, 
a  valve  box  suitable  for  operating  a  hydraulic  press,  and  explain 
how  the  valves  are  geared  together  to  make  certain  that  they  are 
opened  and  closed  in  the  correct  order. 


SWITCHES. 

Drawing  No.  29E. 

FOB  an  electric  main  the  apparatus  fulfilling  the  function  of  a  valve  is 
called  a  switch.  It  may  be  used  for  simply  disconnecting,  or  it  may  have  to 
break  a  circuit  while  current  is  flowing,  in  which  case  it  should  be  made  with 
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a  quick  break.  It  must  have  a  full-on  and  a  full-off  position,  and  no  inter- 
mediate positions  should  be  possible.  Given  the  single-pole  switch  and 
details : — 

Make,  to  a  scale  of  full  size,  a  fully  dimensioned  arrangement  drawing  of 
a  double-pole,  50-ampere,  quick-break  knife  switch ;  take  horizontal  centres 
2^  inches  apart. 

It  is  mounted  on  a  specially  selected  hard  slate  base,  free  from  metallic  veins, 
black  stove  enamelled  and  polished  on  face  and  edges.  The  blade  is  of  hard- 
drawn,  that  is,  wrought,  copper.  The  current  density  in  any  part  carrying 
current  should  not  exceed  800  to  1000  amperes  for  copper,  and  300  amperes 
per  square  inch  of  cross  section  for  gun-metal  castings.  The  surface  density 
across  contact  surfaces  varies  from  75  to  250  amperes  per  square  inch.  The 
jaw  contacts  are  ground  in,  and  laminated  for  big  sizes.  To  obtain  a  quick 
break,  the  handle  comes  free,  extending  the  side  springs,  the  blade  being 
retained  in  the  jaws  by  friction,  until  the  backed-off  edge  A  bears  against 
the  blade,  and  the  handle  and  blade  move  as  one.  When  the  blade  gets  free 
of  the  jaws,  the  side  springs  pull  it  back  close  up  to  the  handle  with  a  click, 
and  the  quick  break  is  obtained.  To  get  the  off  position,  the  bottom  back 
corner  of  the  blade  is  made  square,  and  by  butting  against  the  hinge  casting 
gives  a  definite  off  position.  Switches,  after  carrying  their  full-load  current 
for  six  hours,  should  not  attain  a  temperature  greater  than  40°  F.  above 
the  surrounding  atmosphere.  For  heavy  currents  the  hinge  pivot  should 
not  be  relied  upon,  but  separate  jaws  fitted  as  in  this  example ;  the  contact 
jaws  must  be  tight  and  elastic,  but  all  cutting  and  undue  wear  of  the  sliding 
surfaces  is  to  be  avoided. 

Fuses. — A  fuse  is  a  safety  device,  protecting  a  circuit  against  heavy  rushes 
of  current.  It  consists  of  a  strip  of  metal  having  a  low  melting-point,  or  of 
reduced  section  compared  with  the  rest  of  the  circuit,  so  that  in  case  of  heavy 
currents  it  melts  or  is  destroyed  and  the  circuit  is  opened.  A  fuse  should  be 
rigidly  clamped  in  position,  using  spring  washers,  so  that  racking  due  to 
temperature  changes  will  not  work  it  loose.  The  distance  between  the  fuse 
terminals  varies  with  the  current  and  the  voltage  of  the  circuit. 

Examples — 

1.  What  is  the  object  of  splitting  the  jaw  contacts  as  shown  at  B  ? 

2.  Why  is  it  necessary  to  have  a  quick-break  switch  when  opening 

a  circuit  under  load  ? 

3.  Why  are  large  switches  tipped  with  carbon  at  the  breaking  point  ? 

4.  Circuits   below   75   amperes   are   usually  fused  with  wire.      What 

diameter  of  wire  would  you  use  for  the  50-ampere  circuit  if  the 
fuse  is  to  blow  at  one  and  a  half  times  the  normal  current,  i.e.  75 
amperes,  given : 

Fusing  current  =  constant  x  diameter1 5  ? 

The  value  of  the  constant  for  copper  is  10,000,  for  tin  1500,  the 
diameter  being  in  inches. 
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WHEEL   GEAR. 

Drawing  No.  30. 

IF  wheel  teeth  are  to  gear  together  without  undue  noise,  the  teeth  on  the 
two  wheels  must  be  so  formed  that  the  pitch  line  velocity  of  the  two  wheels 
is  always  the  same.  This  means  that  the  normal  through  the  point  of  contact 
of  two  teeth  must  always  pass  through  the  point  K  (fig.  Ill),  which  is  called 
the  pitch  point.  To  obtain  this,  faces  and  flanks  of  the  teeth  are  made  with 
curves  of  definite  form,  i.e.  cycloidal  or  double-curve  teeth,  involute  or  single- 
curve  teeth.  The  usual  proportions  for  wheel  teeth  are  given  in  fig.  112.  Most 
teeth  are  now  cut,  and  to  the  proportions  given  as  new.  For  cast  teeth  the 
tooth  thickness  is  j\  and  the  space  T^-  of  the  pitch,  the  difference,  ^ ,  measured 


FIG.  111. — Normal  Passes  through  Pitch  Point. 


Quo. 

FIG.  112.— Proportions  of  Wheel  Teeth. 


along  the  pitch  line,  giving  a  clearance,  called  blacklash,  and  before  use  the 
teeth  are  simply  cleared  of  sand  and  grit  by  filing. 

Draw  to  a  scale  of  2  inches  to  1  foot  the  spur-wheel  and  pinion. 
Pitch  line  diameter  of  wheel,  54  inches ;  of  pinion,  14  inches. 
Number  of  teeth  in  wheel,  54 ;  in  pinion,  14. 
Width  of  teeth,  2'5  times  pitch.     Teeth  modified  proportions. 
Rolling  circles  used  to  generate  the  shape  of  the  teeth  to  be  equal  to 
the   radius   of   each   wheel   in   diameter    respectively,   therefore 
giving  radial  flanks  to  the  teeth  of  both  wheel  and  pinion. 
Set  out  full  size  the  profile  of  one  tooth  for  each  wheel. 
Rolling  Circle.— Let  the  wheel  A   rotate,  and   drive   the  wheel   B;   the 
rolling  circle  C  roll  on  A  and  B  so  that  the  point  of  contact  remains  at  K. 
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A  tracing  point  on  the  circle  C  starting  at  K  will  describe  a  curve  on  the 
surface  of  A,  also  a  curve  on  the  surface  of  B.  The  curve  obtained  by  C 
rolling  on  the  outside  of  A  is  shown  in  fig.  a,  and  that  obtained  by  rolling  C 
inside  B  is  shown  in  fig.  6. 

If  the  faces  of  teeth  on  A  and  the  flanks  of  teeth  on  B  are  made  with 
these  curves,  the  condition  for  correct  driving  is  satisfied. 

Similarly,  a  circle  rolling  inside  A  and  outside  B  gives  the  curves  for  the 
flanks  of  teeth  on  A  and  the  faces  of  teeth  on  B. 

As  the  diameter  of  the  rolling  circle  increases,  the  points  of  the  teeth 
become  more  parallel  in  thickness,  and  inside  of  tooth  gets  more  space.  When 
diameter  of  rolling  circle  equals  radius  of  wheel  the  flanks  become  radial ;  with 
a  rolling  circle  greater  than  the  radius  of  the  wheel  we  get  mangle  teeth 
which  are  weak  at  the  roots. 

For  two  wheels  of  any  set  to  gear  together,  the  same  diameter  of  rolling 
circle  must  be  used  for  tracing  the  flanks  and  faces  of  all  the  wheels,  and  this 
diameter  is  usually  the  radius  of  the  smallest  wheel. 

The  minimum  number  of  teeth  to  be  used  with  cycloidal  gear  is  12  for 
the  smallest  wheel,  and  the  pitch  line  speed  should  not  exceed  50  feet  per 
second. 

Involute  Teeth. — Imagine  the  rolling  circle  to  increase  in  diameter  until 
it  becomes  a  straight  line :  the  curve  traced  by  a  straight  line  rolling  on  a  circle 
is  an  involute  (fig.  113),  and  teeth  having  this  curve  for  their  profile  are  called 
involute  or  single-curve  teeth. 

As  the  straight  line  cannot  roll  inside  the  circle,  the  teeth  would  be  without 
flanks.  To  get  these,  the  line  of  contact  is  drawn  through  K,  making  an  angle 
(angle  of  obliquity)  of  15°  with  the  common  tangent,  and  tangent  circles 
drawn  to  this  line.  Involutes  described  by  a  straight  line  rolling  on  these 
circles  are  suitable  for  wheel  teeth.  To  get  the  necessary  clearance  at  the  bottom 
of  the  teeth,  the  lower  part  of  the  tooth  is  then  made  radial.  The  form  of 
tooth  obtained  is  stronger  than  the  cycloidal  form,  and  has  the  advantage  of 


FIG.  113. 


WHEEL  GEAR.  225 

gearing  correctly  when  the  wheel  centres  are  not  accurately  spaced.  The 
smallest  number  of  teeth  to  be  used  in  any  wheel  is  25.  Cycloidal  teeth  only 
gear  correctly  when  the  wheel  centres  are  accurately  spaced. 

Examples — 

1.  If  a  circle  rolls  along  a  straight  line,  a  tracing  point  on  the  circle 

describes  a  path  called  a  cycloid.     Set  out  full  size  the  profile  of 
a  rack  tooth,  pitch  1  inch,  rolling  circle  2  inches  diameter. 

2.  A  wheel  8J  inches  diameter  has  24  teeth ;  the  pinion  has  12  teeth ; 

the  rolling  circles  being  3  inches  and  1£  inches  diameter  respec- 
tively.    Set  out  the  profile  of  one  wheel,  and  one  pinion  tooth. 

3.  What  are  the  different  grades  of  files  used,  from  rough  to  dead 

smooth  ?     Should  a  file  be  recut  ?     Why  is  a  hand-cut  better  than 
a  machine-cut  file  ? 

4.  What  are  mortice- wheel  teeth  ?     Give  a  sketch  showing  how  they  are 

fixed  in  position.     Are  they  used  in  the  wheel  or  in  the  pinion, 
and  why  ? 
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BEVEL   GEAR. 

Drawing  No.   30A. 

Two  shafts,  axes  inclined  and  intersecting,  may  be  connected  by  tooth 
wheels,  and  drive  with  an  accurate  velocity  ratio.  The  pitch  cones  (fig.  114) 
will  roll  together,  but  will  not  transmit  heavy  power.  To  obtain  definite 
driving,  teeth  are  formed  on  a  portion  of  each  cone  by  drawing  the  perpen- 
dicular cones,  and  producing  the  profile  of  the  teeth  by  circles  or  a  straight 


FIG.  114.— Teeth  for  Bevel  Wheels. 

line  rolling  on  the  development  of  these  cones.  The  actual  rubbing  surface  is 
formed  by  a  straight  line  hinged  at  O,  sliding  over  the  contour  so  formed, 
the  width  of  the  tooth  usually  being  2'5  times  the  pitch.  All  dimensions  are 
taken  at  the  thick  end  of  the  tooth. 

Draw  to  a  scale  of  quarter  full  size  the  bevel  wheels  given,  the  velocity 
ratio  being  2  to  1 ;  involute  teeth,  large  wheel  54  teeth,  small  wheel  27 ;  pitch 
of  teeth,  2'8  inches. 

Examples — 

1.  What  advantages  are  obtained  by  using  helical  teeth  in  spur  and 

bevel  gear  ? 

2.  Explain  the  process  of  machine  moulding  wheel  gear. 
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JOINT  IN   GIRDER  WORK. 

Drawing  No.   31.1 

Draw   to   a   scale   of   quarter   full   size   two   elevations   and   a  plan,  to  the 
particulars  given  in  the  top  left-hand  corner. 

Examples — 

1.  Trace  in  ink,  on  tracing  paper,  the  two  views  of  the  eye  bar  shown 
(fig.  115).  Insert  the  dimensions  and  print  the  title  as  shown. 
The  lines  should  be  very  black,  of  uniform  and  moderate  width, 
and  as  continuous  as  possible. 

H+r 
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FIG.  115. 


ACTUAL  S\ZE. 


2.  Sketch  in  longitudinal  section,  full  size,  a  simple  gland  and  stuffing  box, 

suitable  for  a  1-inch  piston  rod,  there  being  two  f -inch  gland  studs, 
2  \  inches  apart  from  centre  to  centre,  the  diameter  of  the  gland 
being  If  inches,  and  the  internal  depth  of  the  stuffing  box  1£  inches. 
Insert  dimensions.  Describe  how  the  packing  is  put  in  place. 

3.  Sketch  in  detail  the  insulator,  and  the  method  of  fixing,  for  carrying 

an  ordinary  telegraph  wire. 

4.  Sketch  in  section,  half  size,  inserting  dimensions",  a  flange  joint  for  a 

5-inch  cast-iron  steam-pipe  secured  by  six  f -inch  bolts,  dimensions 

as  follows : — 

Thickness  of  metal  of  pipe,  -§•  incn.       Thickness  of  flange,  ^§  inch. 
Diameter  of  flange,  10  inches.  Radius  of  bolt  circle,  \\  inches. 

State  how  the  joint  is  made  steam-tight. 

1  This  drawing  and  examples  are  taken  from  the  1908  Board  of  Education,  Stage  1., 
Examination  in  Machine  Construction  and  Drawing,  and  are  printed  hy  permission  of  the 
Comptroller  of  His  Majesty's  Stationery  Office. 
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STEAM  ENGINE   GOVERNOR. 

Drawing  No.  32.1 

Draw  to  a  scale  of  three-quarters  full  size  an  outside  elevation  corresponding 
to  the  sectional  elevation  given,  also  a  complete  plan. 

Examples — 

1.  Trace  in  ink,  on  tracing  paper,  the  half  fly-wheel  pulley  shown  in 

fig.  116. 

2.  Sketch  a  flange  joint  suitable  for  connecting  two  4  inches  diameter 

steam-pipes  carrying  steam  at  a  pressure  of  120  Ibs.  per  square  inch. 


HMF  SECTION  OF  A>  F\JY  VJHEEU  POIIEY.        55  _        »    - 

•§  HQiuRl  SIZE.. 

FIG.  116. 

3.  Make  a  sketch  of  a  gusset  stay  suitable  for  staying  the  flat  end  of  a 

Lancashire  boiler. 

4.  Sketch  a  pattern  suitable  for  the  moulding  of  the  pulley  P  for  the 

governor,  Drawing  No.  32,  and  briefly  describe  how  you  intend 
that  the  pulley  shall  be  moulded. 

5.  Make  a  sketch  of  an  eccentric  sheave,  and  show  clearly  how  it  is 

secured  to  the  shaft. 

Sketch  an  end  view  of  the  shaft,  and  on  it  show  the  angular 
advance  of  the  sheave  and  its  radius  or  eccentricity,  the  crank 
being  indicated  by  a  dotted  line,  and  the  direction  of  rotation  by 
an  arrow.  It  is  assumed  that  the  eccentric  is  driving  an  ordinary 
slide  valve. 

6.  Sketch  a  section   of  the   armature   of  a  small   continuous-current 

motor,  showing  clearly  the  construction  of  the  commutator  and 
the  armature  core.  You  are  not  expected  to  show  any  of  the 
windings,  but  only  the  mechanical  details  of  the  type  of  armature 
you  select  for  description. 

1  This  drawing  and  examples  are  taken  from  the  1908  Board  of  Education,  Stage  II. t 
Examination  in  Machine  Construction  and  Drawing. 
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SECTIONAL  ELEVATION    \\  ~; 
THROUGH  CENTRE  LINE     \\  ] JJ^ 


SECTION  THROUGH  A.B.  LOOKING  UP  AND 

THROUGH  C.D  LOOKING  DOWN. 


TOOL-HOLDER   FOR   A   PLANING   MACHINE. 

Drawing  No.  33.1 

Draw  the  following  views  of  the  part   of  the  planing  machine   tool-holder 
marked  A  to  a  scale  of  one-half  full  size : — 

(a)  A  view  of  A  corresponding  to  the  outside  elevation. 

(&)  A  half  plan  and  half  section  of  A  through  the  line  DE,  looking  in 

the  direction  of  the  arrow  G. 
(c)  A  section  of  A  through  the  centre  line  BC. 

Note. — No  other  part  of  the  holder  is  to  be  drawn  but  the  part  A.     Neither 
dotted  lines  nor  dimensions  need  be  shown. 

Questions — 

1.  Explain,  with  a  sketch,  how  the  tool  is  held  by  a  tool  post  to  the 

tool  box  when  working.  What  construction  in  the  tool  box 
allows  the  tool  to  be  relieved  on  the  return  stroke  ? 

2.  What  is  the  cutting  speed  in  feet  per  minute,  when  roughing  and 

when  finishing  a  cast-iron  surface  ?  Sketch  the  shape  of  the  tools 
which  would  be  used.  Assuming  them  made  from  1  inch  square 
steel,  indicate  the  angles  to  which  they  are  ground. 

3.  Make  a  line  diagram  of  a  planing  machine  mechanism,  showing  how 

a  quick  return  motion  is  obtained.  What  is  the  object  of  this, 
and  what  is  the  return  speed  relative  to  the  cutting  speed  ? 

1  This  drawing  is  taken  from  Stage  II.,  1908,  Board  of  Education  Examination  Paper. 
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SECTION  THROUGH 
CENTRE  LINE  BC.       i 


OUTSIDE   ELEVATION 

LOOKING  IN    THE  DIRECTION 

or  THE    ARROW  F. 


SQUARE  HEADED 

BOLT  FOR 
CLAMPING  A. 


DRAWING   No.   33. 
Tool-holder  for  a  Planing  Machine. 

Do  not  draw  the  views  as  shown,  but  follow  the  instructions. 


SECTIONAL  PLAN 
THROUGH  0  E. 


L\ 
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CONSIST   mainly  of  cast-iron,  wrought-iron,  mild  steel,  steel   castings,   gun- 
metal  and  other  bearing  alloys,  timber. 

Cast-iron  is  obtained  by  smelting  iron  ores  in  the  blast  furnace.  It  is 
usually  "  run,"  that  is,  cast,  into  D-section  bars  about  3  feet  long,  and  called 
pig-iron.  It  is  a  combination  of  iron  with  carbon  and  other  substances,  such 
as  silicon,  phosphorus,  sulphur,  and  manganese.  The  carbon  may  be  free  or 
chemically  combined,  the  greater  the  amount  of  free  carbon,  the  darker  being 
the  fracture  of  the  cast-iron ;  and  the  more  carbon  there  is  chemically  combined, 


FIG.  117.— Pattern,  Core  Box. 


FIG.  118.— Core  Box,  Core  Iron. 


the  harder  the  iron,  and  the  whiter  the  fracture.  Soft  cast-iron  contains  about 
0'2  per  cent,  of  combined  carbon,  the  usual  run  being  0'5  to  1  per  cent.  Chill- 
ing cast-iron  prevents  the  carbon  separating  out,  and  a  much  harder  iron  is 
produced.  Grey  pig-iron  melts  at  about  1200°  C.,  and  white  pig-iron  melts 
at  about  2000°  F.  or  1100°  C.  Cast-iron  at  the  moment  of  solidifying  expands, 
taking  a  good  impression  of  the  mould,  and  then  during  cooling  shrinks  or 
contracts  £  inch  per  foot,  and  this  is  allowed  for  in  the  dimensions  of  the  pattern. 

For  ordinary  machinery  castings,  pig-iron  and  scrap  are  remelted  in  the 
cupola  and  then  run  into  sand  moulds  prepared  from  the  patterns. 

Figs.  117  to  120  illustrate  the  pattern,  core  box,  with  core  irons  and  core 
partially  made,  core,  mould,  and  finished  casting. 
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The  parts  of  a  machine  made  from  cast-iron  are  those  forming  the  supports, 
that  is,  the  stationary  or  static  parts.  Owing  to  its  brittleness,  it  is  not  well 
adapted  for  use  as  a  relative  moving  part,  unless  it  is  well  supported. 

The  chemical  composition  of  cast-iron  may  be  taken  as : — 


Light  Iron 
Castings. 

Soft 
Castings. 

Grey  Pig. 

White  Pig. 

Combined  carbon 

0-4 

0-46 

•04 

2  '5 

Graphitic  carbon 

3-1 

2-75 

3-1 

•87 

Silicon       .... 

2-5 

3-0 

2'5 

11 

Manganese 

•4 

11 

•5 

27 

Phosphorus 

•8 

•8 

•65 

•75 

Sulphur     .... 

•08 

•03 

•10 

2-60 

FIG.  119. —Mould  (open). 


FIG.  120.— Finished  Casting. 


Wrought-iron  is  practically  pure  iron.  Grey  pig-iron  is  melted  on  the 
hearth  of  a  reverberatory  furnace,  the  bed  of  which  contains  oxide  of  iron  and 
hammer  scale.  The  impurities,  silicon,  manganese,  and  phosphorus,  are 
oxidised  and  formed  into  slag,  the  carbon  burning  out.  The  metal  becomes 
pasty,  is  taken  from  the  furnace,  hammered  and  rolled.  It  is  tough  and 
ductile,  bending  and  stretching  before  it  fractures,  and  is  therefore  useful  for 
details  subject  to  shocks  and  bending  stresses.  The  melting-point  of  pure 
iron  is  about  1650°  C.  Before  melting  it  becomes  pasty,  and  can  therefore  be 
welded  and  forged  into  shape. 

Malleable  Cast-iron. — Iron  castings  can  be  given  properties  closely  allied  to 
those  of  wrought-iron  by  embedding  the  castings  hi  powdered  red  hematite, 
an  oxide  of  iron,  and  keeping  them  at  a  bright-red  heat  for  a  length  of  time 
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determined  by  the  dimensions  and  shape  of  the  casting.  The  process  removes 
or  separates  some  of  the  carbon  in  the  cast-iron.  It  is  used  for  details  subject 
to  rough  usage  which  are  of  a  shape  difficult  to  forge  from  wrought-iron.  To 
obtain  successful  malleable  iron  castings,  the  form  and  cross  section  of  the 
detail  must  be  carefully  considered.  The  contraction  which  has  to  be  allowed 
for  in  the  pattern  is  ^  to  ^  inch  per  foot. 

Steel. — The  difference  between  pig-iron,  wrought-iron,  and  steel  chiefly 
depends  upon  the  relative  amount  of  the  carbon  in  chemical  combination  with 
the  iron,  and  the  method  of  production. 

Comparative  Chemical  Composition,  per  Cent. 


Material. 

Carbon. 

Silicon. 

Manganese. 

Phosphorus. 

Sulphur. 

Oast-iron     . 

3-25 

2-5 

•4 

•8 

•08 

Wrought-iron 

•075 

•02 

trace 

•004 

•03 

Steel,  soft  . 

•19 

•05 

•6 

•045 

•042 

,  ,    medium 

•30 

•03 

•55 

•05 

•03 

,  ,     hard 

•75 

•09 

•50 

•035 

•04 

Spiegeleisen 

5-0 

•4 

7'6 

•16 

•08 

Steel  is  a  compound  of  pure  iron  and  carbon,  the  percentage  of  carbon  varying 
up  to  1'8;  when  it  is  low,  or  under  0-25  per  cent.,  the  metal  is  termed  mild 
Steel  or  ingot  iron.  The  melting-point  varies  with  the  amount  of  carbon  from 
1300°  to  1800°  C.  Steel  containing  upwards  of  0'5  per  cent,  of  carbon  has  the 
property  of  hardening  after  being  heated  to  redness,  and  plunged  while  still 
hot  into  mercury,  water,  or  oil,  and  can  then  be  tempered  by  reheating  to  a 
temperature  lower  than  that  used  in  the  hardening  process,  and  quenching. 

Table  of  Temperatures — Centigrade  Degrees. 


400 

Light  is  just  observed. 

525 

Dark  red  heat. 

900 

Cherry  red. 

1000 

Clear  cherry  red. 

1200 

Clear  orange. 

1300 

White  heat. 

1500 

Dazzling  white  heat. 

2000 

Temperature  of  electric  arc. 

•Xt 

Mild  Steel  is  obtained  by  the  Bessemer  process,  in  which  a  powerful  blast 
of  atmospheric  air  is  forced  through  molten  pig-iron,  in  a  vessel  mounted  on 
trunnions  called  a  converter.  The  impurities  in  the  iron  are  oxidised,  forming 
slag,  and  the  carbon  is  burnt  out,  the  iron  being  decarburised.  A  small  percent- 
age of  carbon  is  then  given  to  the  iron  by  the  addition  of  spiegeleisen  or  f erro- 
manganese,  the  manganese  removing  the  excess  of  oxygen  in  the  molten 
metal,  which  is  then  cast  into  ingot  moulds,  and  worked  into  bars  and  plates 
as  required.  It  is  also  obtained  by  the  open-hearth  process,  in  which  fusion  of 
pig  and  scrap  iron  takes  place  on  the  hearth  of  a  furnace  in  the  presence  of 
or  with  certain  classes  of  ore,  the  bath  of  molten  metal  being  first  decarburised 
and  then  recarburised  by  the  addition  of  ferromanganese  containing  manganese 
85  per  cent.,  iron  10  per  cent.,  carbon  3  per  cent.,  silicon  2  per  cent. 
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Tool  Steel  is  produced  by  the  cementation  process,  that  is,  the  carburisation 
of  wrought-iron.  Bars  3  inches  x  £  inch  of  Swedish  iron  are  embedded  in  wood 
charcoal,  and  heated  up  to  a  temperature  of  1170°  C.,  which  is  maintained  for 
eight  or  nine  days,  the  bars  obtained  being  called  blister  steel.  They  are  cut 
up  and  worked  into  bars  as  required. 

Crucible  Cast  Steel. — The  blister  steel  obtained  is  made  perfectly  homo- 
geneous by  breaking  up  and  grading,  then  melting  in  crucible  6  inches  diameter, 
18  inches  high,  casting  into  ingots,  and  drawing  down  into  bars. 

Gun-metal  is  an  alloy  of  copper,  tin,  and  zinc  or  spelter,  lead  being  added  to 
toughen  it,  assist  in  machining,  and  reduce  cost.  The  composition  varies  widely. 
The  alloy  containing  78  copper,  10  tin,  and  12  zinc  may  be  taken  as  typical. 
The  physical  properties  depend  upon  the  composition,  mode  of  manufacture, 
mechanical  treatment,  and  rate  of  cooling  after  heating.  The  melting-point  is 
600°  to  750°  C.,  and  the  contraction  to  be  allowed  for  in  the  pattern  is 
,-\  inch  per  foot. 

Hard  Solders  are  alloys  of  copper  and  zinc  used  for  jointing  pieces  of 
metal  together  (brazing).  They  must  have  a  lower  melting-point  than  the 
bodies  being  united,  but  the  nearer  to  it  the  better  the  joint.  Borax  is  generally 
used  as  the  flux. 

Soft  Solders  are  alloys  of  lead  and  tin,  varying  from  1  tin,  10  lead,  to  5  tin, 
1  lead,  the  quality  being  judged  by  the  appearance  of  the  fracture. 

Table,  of  Melting-points  of  Metals,  in  Centigrade  Degrees. 


Platinum       .... 

1780 
1600 

Aluminium  .  ... 

625 
415 

Grey  pig-iron 
White  pig-iron 
Copper           .... 

1250 
1150 
1050 

Lead  
Tin  
Mercury  .... 

326 
230 
-39 

Weight  of  Castings. — It  is  often  necessary  to  know  the  probable  weight 
of  a  casting  before  it  is  actually  cast — first,  for  estimating  purposes ;  second,  to 
arrange  for  a  sufficient  quantity  of  metal  in  the  casting  ladle  before  pouring. 
The  first  is  obtained  from  the  drawing  by  working  out  the  volume,  and  know- 
ing the  weight  of  unit  volume  of  the  metal.  The  casting  is  always  heavier  than 
the  weight  so  estimated,  to  which,  therefore,  about  5  per  cent,  is  usually  added. 
To  obtain  the  weight  for  the  second  purpose,  the  pattern  will  be  in  existence, 
and  by  weighing  it,  and  using  a  table  similar  to  the  one  below,  the  weight 

is  obtained. 

Weight  of  Castings  by  Weighing  Pattern. 


1  Ib.  of  pattern  made  of 

will  give  a  casting        Ibs.  when  cast  in  — 

Cast-iron. 

Gun-metal. 

Yellow  Brass. 

Spanish  mahogany 
Red  pine  . 
White  pine 
Yellow  pine 
Oak 

8'5 
12-6 
16-7 
14-1 
9 

9-9 

14-6 
19-5 
16-5 
10-9 

97 
14-2 
19 
16 

10-1 
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Comparative  Weight  of  Materials. 


Material. 

Lbs.  per 
cubic  foot. 

Lbs.  per 
cubic  inch. 

Material. 

Lbs.  per 
cubic  foot. 

Water    . 

62-32                -03616 

Spanish  mahogany 

55 

Sea-water 

64-0                 -037 

Teak 

49 

Soft  cast-iron 

443-4          ^ 

Oak 

47 

M  edium  cast-iron 

447-4                  "26 

Red  pine 

40 

Hard  cast-iron 

454-2 

J 

Yellow  pine    . 

33 

Wrought-iron 

485 

•28 

Green  timber  £  to  \ 

mon 

than  dry. 

Soft  steel 

490-8 

Loose  earth     . 

76 

Medium  steel 

490-4                  -284 

Cement  . 

90 

Hard  steel 

490 

1 

Ordinary  brick 

112 

Gun-metal 

536 

•31 

Clay       . 

120 

525 

•3 

Wet  sand 

130 

Copper   . 

550 

•32 

Pressed  brick 

140 

Tin 

455 

•263 

Stone 

150 

Lead 

711 

•41 

Zinc 

437 

•253 

Mercury 

849 

•49 

Platinum 

1342 

•78 

Density  and  Volume  of  Water. — The  weight  of  1  cubic  foot  of  water  in  the 
above  table  is  when  at  its  maximum  density.  The  way  in  which  unit  volume 
varies  as  the  temperature  varies  is  shown  by  the  following  table  : — 


Temperature. 
Degrees  Centigrade. 

Volume. 

0 

1-000127 

4 

1- 

10 

1-000269 

20 

1-001768 

30 

1  -004345 

100 

1  '04312 

One  gallon  of  water  equals  10  Ibs.  at  a  temperature  of  62°  F. 
A  column  of  water  1  foot  high  equals  a  pressure  of  '434  Ib.  per  square  inch. 
A  pressure  of  1  Ib.  per  square  inch  equals  a  column  of  water  2 '31  feet  high. 
One  cubic  foot  of  air  at  0   C.  and  one  atmosphere  pressure  weighs  0'0807  Ib. 

Corrugated  Iron  Sheets —  Weight  per  Square  Yard. 


Thickness,  B.W.G.    . 

16 

18 

20 

22 

i 
24         26 

Weight  in  Ibs.   .     .     . 

32 

24 

19 

16 

13          11 

Add  about  -|  of  the  weight  for  lapping. 
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Questions — 

1.  What  is  the  weight  in  Ibs.  of  1  cubic  foot  of  water  at  a  tempera- 

ture of  100°  C.  ? 

2.  Take  the  specific  gravity  of  water  as  1,  and  make  a  table  showino- 

the  specific  gravity  of  the  metals  relative  to  water. 

Specific  gravity  =  ™^L^^*Z^5L^!5«teL 

weight  ot  equal  volume  of  water' 

On  the  metric  system  the  weight  of  a  given  volume  is  readily 
obtained  by  taking  the  volume  in  cubic  centimetres,  multiplying  by 
the  specific  gravity,  obtaining  the  weight  in  grammes. 

3.  Test  different  metals  on  a  dry  emery  wheel,  and  note  the  character 

of  the  sparks  thrown  off. 

4.  Say   in   a  general   way   how   the  presence  of  silicon,  phosphorus, 

sulphur,  and  manganese  affects  the  properties  and  characteristics 
of  cast-iron. 

5.  Describe  briefly  the   appearance   of  the  fracture   of  the   different 

metals  (1)  when  steadily  drawn  out,  (2)  when  twisted  off,  (3)  when 
broken  by  an  impact,  that  is,  with  a  shock. 

6.  Describe  the  process  of  case-hardening  small  finished  wrought-iron 

details. 

7.  What  is  the  tempering  colour  given  to  wood  saws,  cold  chisels,  twist 

drills,  punches  and  dies,  taps  and  hammer  faces  ?     Roughly,  what 
temperature  does  each  of  the  colours  correspond  to  ? 

8.  What  is  the   composition  of   Muntz   metal  ?      What  are   its   pro- 

perties, and   under   what  circumstances  is   it   most  desirable  to 
use  it? 

9.  What  is  the  object  of  a  flux  when  soldering  ?     What  flux  is  usually 

employed  for  common  or  soft  solder  ? 

10.  In  the  table  of  melting-points  of  metals,  convert  the  Centigrade 
temperatures  into  Fahrenheit  readings,  making  a  table  showing 
the  comparison. 

Strength  of  Materials. 

In  deciding  of  what  material  a  detail  should  be  made,  the  first  consideration 
is  that  of  ease  with  which  the  material  can  be  obtained  in  the  desired  shape, 
its  dimensions  being  then  fixed  by  a  knowledge  of  the  properties  of  the  differ- 
ent materials,  relative  values  concerning  which  are  obtained  by  considering 
the  behaviour  of  a  sample  tested  to  destruction. 

A  structure  is  usually  called  upon  to  resist  forces  producing  tension, 
compression,  torsion,  bending,  and  shearing  in  the  material  of  which  it  is  made ; 
and  it  may  rupture  or  fracture,  due  to  strains  produced  by  each  or  any  of  the 
different  types  of  loading. 

Tension  Tests. — The  value  of  a  material  to  resist  a  load  tending  to  lengthen 
it  is  decided  by  taking  a  sample  piece  and  turning  it  to  a  form  shown  in 
fig.  121.  The  ends  being  screwed  into  ball  and  socket  clips  of  the  testing 
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TEST.      M\\_p    STEEL, 


FIG.  121. 


machine,  a  gradually  increasing  load   is  applied  at  a  definite  rate,  and  the 
behaviour  of  the  bar  noted. 

Eocample.  —  A  bar  of  mild  steel  containing  0'26  per  cent,  carbon,  taken  in 
the  direction  of  the  grain  from  a  billet  made  from  Scotch  hematite  iron  in  an 
acid  open-hearth  Siemens  furnace,  using  Spanish  hematite  ore  for  reducing 


FIG.  122.  —Tension  Test  Bar,  broken. 

it,  was  turned  to  the  dimensions  given  in  fig.  121,  and  the  load  then  applied 
at  the  rate  of  0*1  ton  per  minute. 

(a)  Up  to  a  certain  point,  called  the  elastic  limit,  the  stretch  is 
proportional  to  the  load  (see  fig.  123)  (below  this  limit,  if  the  load 
be  removed,  the  bar  immediately  goes  back  almost  to,  and  in  time 
exactly  to,  its  original  length). 
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(6)  The  stretch  then  increases  at  a  faster  rate,  until  in  the  case  of 
ductile  metals  only  the  bar  suddenly  gives  way  at  a  load  called  the 
yield-point.  This  is  confined  to  rolled  materials,  and  is  not 
noticed  in  a  bar  cut  from  a  casting. 

(c)  A  ductile  bar  then  assumes  a  plastic  state,  and  stretches  rapidly  as 
the  load  is  applied,  the  stretch  being  uniform  along  its  length  until 
maximum  load  is  reached,  when  local  necking  in  takes  place,  the 
sectional  area  diminishing  and  fracture  taking  place  (fig.  122). 


Fio.  123. 

The  complete  test,  with  all  the  definite  information  required,  is  shown  in 
fig.  124.  The  various  points  so  clearly  shown  on  it  are  not  so  well  defined  in 
the  case  of  the  more  brittle  materials. 

Example.— From  the  data  obtained  calculate  the  modulus  of  elasticity,  E  — 
the  load  which,  provided  the  bar  remained  perfectly  elastic,  would  stretch  it 
to  twice  its  original  length. 

Stress  = Joadjnjbs^_  _  =  fi.4  x  2240  Ibs.  per  square  inch. 

area  in  square  inches 

extension  within  the  elastic  limit         _  '0052 
Strain  = 


length  on  which  the  extension  is  measured 
E  =  stress  -f-  strain 
_  6-4x2240 

•00052 
=  27,570,000  Ibs.  per  square  inch. 


10 


16 
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2-0        2-5 

FIG.  124. 


3-0 


3-5 


Example. — Describe  a  tension  test  on  a  bar  of  cast-iron,  explaining  the 
behaviour  and  the  definite  information  which  would  be  obtained. 

Torsion  Tests. — To  obtain  a  knowledge  of  the  properties  of  a  material 
when  carrying  loads  producing  a  twist  in  it,  a  sample  is  cut  to  the  form  shown 
in  Drawing  No.  2,  Card  No.  1.  One  end  is  rigidly  held  and  the  other  twisted 
round,  the  behaviour  of  a  definite  length  in  the  body  part  of  the  bar  being 
particularly  noted. 

Example. — A  bar  of  the  same  material  as  used  for  the  tension  test  example — 
diameter,  1*008  inches;  shape,  Card  No.  1,  Drawing  No.  2 — was  fixed  in  the 
machine,  and  by  means  of  a  hand  wheel,  worm,  and  worm  wheel,  one  end 
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twisted  relative  to  the  other,  by  the  application  of  a  twisting  moment  at  the 
rate  of   60  inch-lbs.  per  minute,  a  weighing  machine   arrangement  enabling 


<»ooo 


the  twisting  moment  to  be  recorded.     The  relative  motion  of  two  sections 
8  inches  apart  on  the  body  of  the  bar  was 
measured  in  degrees. 

(a)  Up  to  4000  inch-lbs.  the  angular/ 

movement  is  proportional  to  the 
twisting  moment.  At  this  point, 
if  the  load  be  left  on  the  bar, 
a  creeping  action  takes  place, 
the  bar  giving  way  with  time, 
finally  becoming  steady,  i.e.  we 
have  reached  the  limit  of  pro- 
portionality or  the  elastic  limit. 

(b)  After  this  point,  with  the  same 

rate  of  loading,  the  bar  gives 
way,  that  is,  twists  at  a  faster 


Flo.  126.— Torsion  Test  Bar,  broken. 


WH/y,     UllOlU      1O,     1/YY10IA3      Cliu      V  111* 

rate,  until  with  a  moment  of  6000  inch-lbs.  it  suddenly  gives  way 
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—  the  yield-point  is  reached.  To  show  how  the  bar  would  continue 
to  twist  at  a  constant  load,  the  twisting  moment  was  maintained 
at  6000  inch-lbs.,  under  which  the  bar  twisted  through  an  angle 
of  0'78  degree  in  26  minutes,  as  shown  from  A  to  B  in  the  curve, 
fig.  125.  Afterwards  the  rate  of  loading  was  continued  until  finally 
the  bar  twisted  off  on  a  section  practically  perpendicular  to  the 
axis  of  the  bar  (see  fig.  126). 

Modulus  of  Rigidity,  N,  is  the  constant  expressing  the  relation  which  exists 
between  the  moment  and  the  twist  which  it  produces,  within  the  elastic  limit,  and 

1^,  _  twisting  moment  X  length 
twist  X  moment  of  inertia 

Example.  —  From  1000  to  4000  inch-lbs.  the  twist  on  8  inches  is  (T56  —  '38) 
degrees. 


N  = 


0.1 

M  =  3000  inch-lbs.     I  =  8  inches. 
9  =  118  degrees  =  1*18  x  TT  -f-  180  radians. 
I  =  TT  .  r4  -r  2  for  a  round  bar  polar  axis. 

3000  x  8  x  180  x  2 

—  3777-.  =  11,500,000  Ibs.  per  square  inch. 
118  x  TT  X  TT  X  '5044 


Example.  —  Up  to  the  elastic  limit,  the  maximum  stress  in  the  material, 
which  is  at  the  outer  surface,  is  for  a  round  bar  given  by  the  formula 


Taking  T.M.  corresponding  to  the  elastic  limit  as  4000  inch-lbs.,  what  is  the 
maximum  stress,  expressed  in  tons  per  square  inch  ? 

Questions  — 

1.  Describe  a  torsion  test  on  a  bar  of  cast-iron,  taking  the  bar  through 

the  various  stages  from  no  load  to  fracture. 

2.  What  is  the  ratio  of  E  to  N,  taking  the  foregoing  values  for  mild  steel. 

The  datum  most  easily  obtained  when  testing  materials  is  the  maximum  load 
carried  per  square  inch  of  original  area,  and  this  is  called  the  ultimate  strength. 

Ultimate  Strength  of  Materials  —  Tons  per  Square  Inch  of  Original  Area. 


Material. 

Tension. 

Com- 
pression. 

Shear. 

E  in  Ibs.  per 
square  inch. 

Remarks. 

Cast-iron 

9 

44 

7 

20,000,000 

Malleable-iron  castings   . 

14 

Elongation  2  per  cent,  on 

4  inches. 

Wrought-iron 

22 

21 

20 

27,000,000 

Elongation  15   per  cent. 

on  8  inches.    Reduction 

of  area  20  per  cent.  ' 

Mild  steel 

30 

32 

26 

30,000,000 

Elongation   20  per  cent. 

on  8  inches.   Reduction 

of  area  40  per  cent. 
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Ultimate  Strength  of  Materials— Tons  per  Square  Inch  of  Original  Area.—cont<1. 


Material. 

Tension. 

Com- 
pression. 

Shear. 

E  in  Ibs.  per 
square  inch. 

Remarks. 

Steel  castings 

31 

Elongation    34   per  cent 

on   2   inches.     Reduc- 

Copper .... 

18 

20 

11 

15,000,000 

tion  of  area  52  per  cent 
Elongation   15   per  cent 

on  8  inches 

Phosphor  bronze     . 

26 

19 

13,000,000 

Gun-metal 

15 

14 

14 

11,500,000 

Brass      .... 

8 

475 

9,000,000 

Elongation   10  |>er  cent. 

on  8  inches.    Reduction 

Bay  wood 

6 

1,500,000 

of  area  10  per  cent. 

Red  pine 
Red  brick 

4'5 
•15 

2-5 
•5 

'3  and  1 

1,750,000 

With  and  across  grain. 

As  the  real  behaviour  of  a  material  in  a  structure  should  be  determined 
by  its  properties  up  to  the  elastic  limit,  for  comparison  a  table  is  added  show- 
ing the  stress  in  tons  per  square  inch  of  area,  corresponding  to  the  elastic 
limit  of  the  most  common  materials. 

Elastic  Limit  of  Materials. 


Material. 

Tension. 

Com- 

Shear. 

Remarks. 

pression. 

Cast-iron 
Malleable-iron  castings 

4-75 
9-0 

9'5 

3'5 

Test  not  to  exceed  3  -5  tons  per  square 
inch. 

Wrought-iron 

9-0 

9-0 

6-75 

Mild  steel 

iro 

11  -0 

9-0 

Steel  castings 

15  5 

Test  not  to  exceed  1  1  tons. 

Copper  . 

2'0 

1-75 

1-25 

Phosphor  bronze 

9'0 

6'5 

Brass 

3-0 

2'5 

Working  Strength  of  Materials. — By  the  process  of  trial  and  error,  practical 
men  have  decided  upon  what  proportion  the  working  load  should  be  of  the 
ultimate  strength,  when  the  structure  may  be  called  upon  to  carry  a  load  or 
loads  of  the  different  types. 

Factor  of  Safety. — The  general  idea  of  the  quality  of  a  material  is  obtained 
from  the  data  given  by  testing  the  material  to  destruction,  and  comparative 
values  so  obtained  enable  the  relative  advantages  to  be  discussed  and  decided 
upon.  It  will,  however,  have  been  noted  that,  say  in  the  case  of  mild  steel 
subject  to  tension,  a  definite  rupture-point  occurs  long  before  the  material 
breaks.  Obviously,  should  the  mild  steel  in  practice  be  strained  to  this  rupture- 
point,  deformation  of  the  structure  will  take  place,  and  the  construction  will 
be  said  to  have  failed.  Before  the  definite  yield-point  is  reached,  which  in  the 
case  of  the  more  elastic  materials,  glass,  hard  steel,  cast-iron,  is  not  well  defined, 
a  point,  the  elastic  limit,  is  reached,  beyond  which,  if  the  material  is  strained, 
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it  will  not  return  to  its  original  dimensions.  Hence,  under  any  conditions 
likely  to  be  met  with  during  working,  the  material  must  not  be  strained  beyond 
this  elastic  limit.  For  mild  steel  this  is  11  tons  per  square  inch. 

In  practice  it  would  be  unwise  to  run  the  load  on  mild  steel  so  high.  Pre- 
cautions must  be  taken  and  allowances  made  for  damage  and  loss  which  would 
be  caused  by  failure,  defective  material  and  design,  the  effects  of  shock,  wear, 
corrosion,  and  temperature. 

Thus,  in  the  most  favourable  case  the  load  on  mild  steel  may  be  5  tons  per 
square  inch,  and  it  is  then  said  the  factor  of  safety  is  6. 


Factor  of  safety  = 


working  load  per  square  inch  of  area 
ultimate  strength  per  square  inch  of  area 


A  general  idea  of  what  this  ratio  is  taken  to  be  for  the  different  loads 
coming  on  a  structure  is  given  by  the  table,  but  on  top  of  these  values  the 
other  considerations  must  be  allowed  for  : — 

Factors  of  Safety. 


Material. 

Steady 
Load. 

Live  Load 
in  one 
Direction. 

Alternat- 
ing Live 
Load. 

Shocks. 

Cast-iron  ...... 

4 

6 

8 

15 

Wrought-iron  and  mild  steel      . 

3 

5 

10 

12 

Timber      ...... 

7 

10 

15 

20 

Masonry    ...... 

20 

30 

When  fixing  the  number  to  be  used  as  the  factor  of  safety,  the  character 
of  the  load  carried  by  the  structure  is  carefully  considered.  The  following 
table  shows  roughly  what  may  be  taken  as  the  working  load  for  the  most 
common  materials. 

Working  Stress  in  Tons  per  Square  Inch. 


Material. 

Constant 
Load. 

Variable  Load 
in  one 
Direction. 

Variable  Load, 
Changing 
Direction. 

Remarks. 

Cast-iron         .         .         .  | 

1-5 

7 

75 
4-5 

•375 
•375 

In  tension. 
In  compression. 

Wrought-iron          .         .  j 

6 
5 

3 
2-5 

1-5 
1-5 

In  tension. 
In  compression. 

Mild  steel       .         .         .  j 

8 
10 

5 

7'5 

2-5 

2-5 

In  tension. 
In  compression. 

Gun  -metal      .         .         .  1 

1-25 
1-25 

In  tension. 
In  compression. 
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ABRASION  in  bearings,  127. 
Acme  screw  thread,  69,  70. 
Adjustable  screw  packing,  146. 

vee  packing,  144. 
Air,  weight  of,  238. 
Alloys,  125,  135,  237. 
Alphabet,  Greek,  8. 
Alternator  magnet  wheel,  187,  191. 

magnets  for,  189. 

shaft,  188. 

slip  rings,  193,  195,  196. 
Angle  bracket,  36. 

iron,  20. 

Angular  load  ball  bearing,  138,  140. 
Arc  of  circle,  length  of,  19. 
Area  of  surfaces,  8. 

projected,  128. 
Asbestos  packed  expansion  joint,  152. 

B.A.  SCREW  HEADS,  80. 

screw  threads,  64. 
Babbitt's  metal,  134. 
Backlash  in  wheels,  222. 
Balanced  ball  handle,  42. 
Ball  bearings,  working  load,  138. 
Bearing  ball,  138. 

footstep,  136. 

motor  end,  132. 

pedestal,  130. 

split  cast-iron,  128. 
Bearings,  fitting  of,  135. 

lubrication  of,  1 42. 

solid,  125. 

Belt  pulleys,  54,  107,  109,  123,  231. 
Belting,  88,  94,  109. 
Belts,  creeping  of,  111. 

driving  by,  54. 

slip  of,  112. 

Bevel  wheels,  226,  231,  233. 
Blue  prints,  27,  28,  29. 
Bolt  heads,  74,  75,  76,  84. 
Bolts,  73. 

fixing  of,  81. 

foundation,  85. 

rag,  86. 
Brass,  125,  161,  178. 


(  'ARRIER  for  lathe,  44. 
Case  for  instruments,  6. 
Castellated  nut,  163. 
Castings,  237. 
Cast-iron,  121,  234,  235. 

split  bearing,  128. 
Cast  steel,  237. 
Centre  gauge,  72. 

lines,  24. 

of  gravity,  22. 

Centrifugal  force,  173,  192,  206. 
Chain  wheel,  17. 
Channel  iron,  20. 
Chaser,  72,  86. 
Circle,  8. 
Clinograph,  5. 
Coach  screw,  87. 
Coefficients  of  expansion,  156,  238. 

of  friction,  130,  135,  142. 
Commutator,  197. 
Cone  pulley,  123. 

Connecting  rod  for  steam  engine,  199. 
Copper  expansion  joint,  153. 
Core  box,  234. 
Cored  holes,  77. 
Corrugated  iron  sheets,  238. 
Cotter  foundation  bolt,  85. 
Countershaft  for  drilling  machine,  118. 
Countersunk  head  bolt,  84. 
Coupling  claw  or  clutch  gear,  99. 

flexible,  94. 

for  line  shaft,  88. 

for  machine  shafts,  91. 

muff,  92. 

universal  joint,  96. 
Crank  pin  lubrication,  202. 

shaft,  202. 

Creeping  of  belts,  111. 
Crosshead,  204. 
Cup  head  bolt,  84. 
Cycle  screw  threads,  65. 
Cycloidal  curves  and  teeth,  222,  223,  226. 
Cylinder,  piston  for  gas,  166. 

for  hydraulic,  160. 

for  steam,  162. 

packing  rings,  162. 
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DECIMAL  parts  of  an  inch,  7. 
Dimension  lines,  24. 
Double  square  thread,  70. 
Dowel  pins,  205. 

plate  for  fly-wheel,  11. 
Drag  crank,  2<>2. 
Draughtsmanship,  3. 
Drawing  instruments,  3,  5,  6. 

outfit,  6. 

paper,  2,  9. 
Drawings,  size  of,  2. 
Drill  speeds,  121. 
Drilling  machine  drive,  118. 
Drills,  tapping  sizes,  79. 
Driving  pin  for  lathe,  44. 

ropes,  113,  115,  117. 

ECCENTRIC,  55,  216. 
Elastic  limit,  240,  243. 
Electrical  fuse,  220. 

switch,  219. 

Elevations,  front,  side,  30. 
Ellipse,  area  of,  8. 

to  draw,  181. 

End  bearing  for  motors,  132. 
Energy,  distribiition  of,  88. 

stored  in  a  fly-wheel,  174. 
Engine  foundation  bed,  87. 
Examples  for  tracing,  9,  15,  19. 
Expansion  of  gases,  166,  168. 

of  metals,  156. 

of  water,  238. 

Expansion  joints,  cast-iron,  152. 
copper,  153. 

steel  bends,  154,  155 
Eye  bar,  228. 
bolt,  84,  164. 

FACTORS  of  safety,  245. 

Files,  225. 

Fine  screw  threads,  64. 

Fits  and  fitting  of  shafts,  135. 

Fixing  of  bolts,  81. 

of  keys,  104. 
Flanged  belt  pulley,  54,  231. 

couplings,  88,  89,  90. 
Flat  key,  105. 
Flexible  coupling,  94. 
Fly  crank,  202. 
Fly-wheel,  Dowel  plate,  11,  184. 

energy  stored  in,  174. 

functions  of,  175,  182,  186. 

gas  engine,  180. 

power  press,  176. 

rim  velocity,  175. 

steam  engine,  184,  230. 
Foot  countershaft  for  drill,  118. 
Footstep  bearing,  136,  142. 
Force,  42,  179. 
Forced  lubrication,  142,  202. 
Foundation  bolt,  85,  86. 


Fractions  of  an  inch,  7. 
French  standard  threads,  67. 
Friction,  125,  130,  143. 
Fuses,  220. 

GAS  engine  cycle,  166,  182. 
fly-wheel,  180. 
piston,  166. 

piping,  64. 
Gauges,  limit,  135. 
Geometrical  constructions,  12,  19,  24. 
Girder  joints,  61,  229. 
Girders,  20,  229. 

Gland  and  stuffing  box,  209,  210,  217,  231. 
Governor  ball  bearings,  139,  141. 

for  steam  engine,  206,  230. 
Greek  letters,  8. 
Grub  screws,  126,  198. 
Gudgeon  pin,  167. 
Gun-metal,  125,  237. 
Gyration,  radius  of,  175. 

HAND  wheel  for  stop  valve,  56. 

regulating,  52. 
Handle  balanced  ball,  42. 
Hard  brass  stamping,  178. 
Heads  for  B.A.  screws,  80,  81. 
Hectography,  28. 
Helix,  62,  72. 
Hexagon  bolt  heads,  73,  74,  75,  76. 

nut,  77. 

Hints  on  tracing,  23. 
Hollow  back  key,  105. 
Hook  bolt,  84. 
Hoops  for  fly-wheel,  184. 
Horse  power,  91. 
Hydraulic  piping,  64. 

pipe  joint,  157,  159. 

piston,  16u. 

INDEXING  of  drawings,  1. 
Instrument  case,  6. 
Instruments  required,  3,  5,  6. 
I  nternational  screw  thread,  67. 
Involute  teeth,  222,  224,  226. 
Iron  corrugated  sheets,  238. 
Irregular  areas,  8. 
Isometric  projection,  35,  38,  130. 

JOINTS,  hydraulic  pipe,  157,  159. 

riveted,  58,  59,  229. 

steam  pipe,  152,  228. 

tie  bar,  61. 
Journals,  friction  in,  130. 

necking  of,  135. 
Junk  ring,  215. 

KEYS,  dimensions  of,  104,  105. 
sunk,  203. 


INDEX. 


249 


Kilowatt,  91. 

Kinetic  energy,  174,  183 

LATHE  carrier,  44. 
Leather  belting,  109. 

packing,  160. 
Lewis  bolt,  87. 
Limit  gauges,  135. 
Line  shafting,  coupling  for,  88. 

shafts,  pitch  of  bearings,  143. 
Lock  nuts,  82,  151. 
Locking  of  nuts,  81,  82,  145,  163,  201. 

plate,  83. 
Lubrication,  125,  127,  132,  135,  140,  142. 

forced,  202. 

of  crosshead  pin,  200. 
Lubricators,  needle,  143. 

ring,  134. 

Stauffer,  136. 

syphon,  142. 

MACHINE  vice,  149. 
Magnet,  electro,  for  alternator,  191. 
clamps,  190. 
stampings,  189. 
winding,  191. 

permanent,  40. 

pole  piece,  38. 
Malleable  cast-iron,  235. 
Materials,  strength  of,  239. 

weight  of,  109,  238. 
Mechanical  drawing,  1. 
Melting  points,  237. 
Mensuration,  8. 
Metric  equivalents,  7,  8. 

projection,  35,  41. 
Mild  steel,  236. 

Milling  machine  table  feed,  96. 
Modulus  for  a  fly-wheel,  174. 

of  elasticity,  E,  241 

of  rigidity,  N,  244. 
Moment  of  a  force,  42. 
Momentum,  179. 
Motor  chain  wheel,  17. 

commutator,  197. 

generator  coupling,  91,  94. 

oil  throwers,  12. 

shaft  bearing,  132. 
Moulding,  234. 
Muff  coupling,  92. 
Multiple  screw  threads,  70. 

NECKING  of  journals,  135. 
Needle  lubricator,  143. 
Nut,  Whitworth  standard,  77,  78,  85. 
Nuts  and  bolts,  73. 
locking  of,  81,  82. 

OIL,  for  lubrication,  127,  142,  202. 
needle  lubricator,  143. 


Oil  syphon  lubricator,  142. 

throwers,  12,  187,  189. 

trays,  143. 
Orthogonal  projection,  30. 

PACKING,  adjustable  block,  144. 
screw,  146. 

vee  block,  51. 
Paper,  2. 

Parallel  packing,  36. 
Patterns,  234,  237. 
Pedestal-Plummer  block,  130, 143. 
Permanent  magnet,  40. 
Photo  copies  of  tracings,  26. 

printing  apparatus,  26,  27. 

prints,  27. 
Pig  iron,  234. 
Pin  valve,  217. 
Pinion,  223. 
Pins,  split,  46. 

steady,  81,  151. 

taper,  46. 
Pipe  joints,  steam,  152,  154,  155,  156. 

hydraulic,  157. 
Piston  for  steam  cylinder,  162. 

hydraulic,  160. 

rings,  162,  167. 

rod,  204. 

slide  valve,  214. 

wrench,  164. 
Pitch  point,  222. 
Plan,  30. 

Planing  machine  tool  box,  232. 
Pole  piece  for  magnet,  38. 
Polygon,  8. 
Presspahn,  197. 

Pressure  on  bearings,  128,  130,  134,  142. 
Projection,  isometric,  35,  38,  130. 

metric,  35,  41. 

rectangular,  30. 

Proportions  of  wheel  teeth,  222. 
Protractor,  4,  5. 
Pulleys,  belt,  54,  107,  109. 

rope,  113,  115. 


RADIAL  ball  bearing,  138. 

Rag  bolt,  86. 

Rail,  tramway,  21. 

Railway  rail,  21. 

Ramsbottom  piston  rings,  162,  167. 

Ratchet  wheel,  16,  17. 

Rectangular  projection,  30. 

Regulating  valve  for  oil,  217. 

Relief  valve  for  cylinder,  204,  212. 

Representation    of    screw    threads,    68,    69, 

70. 

Reversing  pole,  16,  17. 
Rings  for  cylinder  packing,  162,  168. 
Riveted  joints,  58,  60, 229. 

17 
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Rivets,  58. 

Rolling  circle,  222. 

Rope  pulley,  multiple,  115. 

single,  113. 
Rule,  steel,  4. 
scale,  4. 


SCALE  rule,  4. 
Screw  threads,  62. 
B.A.  standard,  64. 
fine,  64. 

I.C.E.  standard,  65. 
international  standard,  67. 
right  and  left  hand,  68,  77. 
square,  69,  70,  144,  146,  149. 
United  States  standard,  66. 
Whit  worth  standard,  63,  72. 
heads,  O.B.A.,  80,  81. 
Section  lines,  48,  50. 
Sections,  48. 

colouring  of,  48. 
Set  screw,  81,  124,  136,  145. 

squares,  4,  5. 
Shafts,  stiffness  of,  91. 
Simpson's  rule,  8. 
Size  of  drawings,  2. 

Slip  rings  for  alternator,  193,  195,  196. 
Solder,  237. 
Sole  plates,  131,  137. 
Solid  bearing,  125. 
Spanner,  14,  87,  149. 
Sphere,  8. 

Split  belt  pulley,  109. 
pins,  46. 

rope  pulley,  113,  116. 
Spring  washers,  82. 
Spur  wheel,  101,  222. 
Standard  drawings,  1 . 

wire  gauge,  7. 
Star  washers,  83,  87,  203. 
Stauffer  lubricator,  136. 
Steady  pins,  81,  151. 
Steam  engine  crosshead,  204. 
cycle,  214. 
eccentric,  55. 
fly-wheel,  184. 
governor,  206,  230. 
line  diagram,  204. 
piston  slide  valve,  214. 
stop  valve,  208,  217,  218. 
stop  valve  hand  wheel,  56. 
throttle  valve,  208. 
pipe  expansion  joints,  152,  154. 
turbine,  Laval  type,  169,  170. 
Parsons  type,  169,  171. 
blades,  169,  171,  172. 
Steel,  236. 
rule,  4. 

Stocks  and  dies,  87. 
Strain,  241. 


Strap  fork  gear,  120,  124. 
Strength  of  belting,  112. 

of  coupling  bolts,  92. 

of  hard  brass,  178,  179. 

of  keys,  106. 

of  materials,  239. 

of  riveted  joints,  58. 
Stress,  241. 
Studs,  79. 

Sunk  keys,  100,  105. 
Switch  for  50  amperes,  219. 

TAP  bolts,  78. 

drills,  79. 

Taper  pins,  46,  53,  209. 
split,  163. 

of  keys,  105. 
Tapped  holes,  78. 
Taps,  86. 
Tee  head  bolt,  84. 

iron,  20. 

Tension  tests,  239. 
Thickness  of  pipes,  157. 
Thread  gauge,  72. 
Threads,  fine  screw,  64. 
Throttle  valve  for  steam  engine,   208,   210, 

231. 

Thrust  ball  bearing,  138. 
Tool  steel,  237. 

holder  for  planer,  232. 
Torsion  tests,  15,  242. 
Tracing,  examples  for,  9,  228,  230. 

hints  on,  23. 

on  cloth,  24,  25. 

photo  copies  of,  26. 

use  of,  23. 
Tramway  rail,  21. 
Turbine,  Laval  type,  170. 

Parsons  type,  169. 

blades,  169,  171,  172. 

UNIVERSAL  joint  coupling,  96. 
Use  of  sections,  48. 
Useful  data,  7. 

VALVE  cylinder  relief,  212. 

for  regulating  oil  flow,  217. 

pin,  217. 

slide,  214. 

steam  stop,  208. 

throttle,  210. 
Vee  packing  block,  51. 

screw  threads,  62,  67. 
Velocity  of  fly-wheel  rim,  175. 
Vice  for  machine  work,  149. 
Viscosity  of  oil,  128. 

WALL  plate,  85. 
Washers,  78. 
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Washers,  spring,  82-83. 

star,  83,  87. 
Water,  238. 
Weight  of  castings,  237. 

of  materials,  109,  238. 
Wheel  gear  and  teeth,  222. 
White  metal,  125,  132,  204. 

prints,  27,  28,  29. 
Whitworth  standard  threads,  63. 


Wire  gauge,  standard,  7. 
Wood  pulleys,  112. 

screws,  87. 
Working  instructions,  1. 

strength  of  materials,  245. 
Wrought  iron,  235. 


YIELD  point,  241,  244. 


PRINTED  BT  SKILL  AND  CO.,   LTD.,    EDINBURGH 


THIS  BOOK  IS  DUE  ON  THE  LAST  DATE 
STAMPED  BELOW 


m  PHB 


AN  INITIAL  FINE  OF  25  CENTS 

WILL  BE  ASSESSED  FOR  FAILURE  TO  RETURN 
THIS  BOOK  ON  THE  DATE  DUE.  THE  PENALTY 
WILL  INCREASE  TO  5O  CENTS  ON  THE  FOURTH 
DAY  AND  TO  $1.OO  ON  THE  SEVENTH  DAY 
OVERDUE. 


Iv'lrtu     oV7       I  yOO 

.VIM  ou  i939 

"fc*^ 

*  wr 

APR   26  1946 

3EP  10  1956    -V 
*EC'D  LD 

SEP    5  1956 

I6Apr'57Lg 

REC*D  LD 

Q      1QC7 

O            TvTC  f 

JUN  2^  1967 

dWC23'6;-8AM 

LD  21-95m-7,'3 

